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In  High  Energy  Physics , 


The  United  States  is  seeking  to  maintain  world 
leadership  in  making  significant  discoveries  in 
high  energy  physics.  However,  with  increasing 
costs  and  competition,  the  U.S.  physics  com¬ 
munity  is  concerned  that  its  leadership  is  being 
lost  to  Western  Europe. 

For  the  past  30  years,  the  United  States  has 
led  the  world  in  high  energy  physics  research; 
other  countries  are  now  challenging  that  lead. 
This  research-the  study  of  the  structure  and 
properties  of  matter  and  energy  in  their  most 
basic  form-is  basic  research  at  the  frontiers  of 
science.  Maintaining  a  leadership  position  in 
the  field  is  considered  important  because  it 
provides  a  nation's  or  group  of  nations'  physi¬ 
cists  with  greater  opportunities  for  making 
major  discoveries  and  thus  advancing  the  state 
of  knowledge-the  principal  goal  of  high 
energy  physicists. 
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To  the  President  of  the  Senate  and  the 
Speaker  of  the  House  of  Representatives 

This  report  addresses  the  status  and  problems  of  the 
U.S.  program's  efforts  to  maintain  a  leadership  position  in 
high  energy  physics.  It  discusses  the  program's  objectives, 
plans,  and  funding?  presents  selected  alternative  policy  op¬ 
tions;  and  suggests  that  some  actions  be  taken  to  determine 
the  appropriate  level  of  Federal  funding  and  improve  planning. 

We  are  sending  copies  of  this  report  to  the  Directors, 
Office  of  Management  and  Budget,  Office  of  Science  and 
Technology  Policy,  and  National  Science  Foundation?  the 
Secretary  of  Energy;  interested  Members  and  Committees 
of  Congress;  and  other  interested  parties. 
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COMPTROLLER  GENERAL'S  INCREASING  COSTS,  COMPETITION 

REPORT  TO  THE  CONGRESS  MAY  HINDER  U.S.  POSITION  OF  LEAD¬ 

ERSHIP  IN  HIGH  ENERGY  PHYSICS 


DIGEST 

For  the  past  30  years,  the  United  States 
has  led  the  world  in  high  energy  physics  re¬ 
search;  other  countries  are  now  challenging 
that  lead.  This  research — the  study  of  the 
structure  and  properties  of  matter  and  ener¬ 
gy  in  their  most  basic  form — is  basic  re¬ 
search  at  the  frontiers  of  science.  Main¬ 
taining  a  leadership  position  in  the  field 
is  considered  important  because  it  provides 
a  nation's  or  group  of  nations'  physicists 
with  greater  opportunities  for  making  major 
discoveries  and  thus  advancing  the  state  of 
knowledge — the  principal  goal  of  high  energy 
physicists.  (See  ch.  2.) 

The  Federal  Government  provides  nearly  all 
of  the  funding  of  the  U.S.  high  energy 
physics  efforts.  This  is  in  line  with  the 
overall  Federal  role  of  supporting  basic 
research  and  graduate  education.  The  Office 
of  Science  and  Technology  Policy  has  over¬ 
sight  responsibility  over  all  federally 
funded  basic  science  and  works  with  the 
Office  of  Management  and  Budget  (OMB)  in 
developing  basic  science  budgets.  The  Na¬ 
tional  Science  Foundation  is  the  principal 
Federal  agency  for  the  support  of  basic 
research  across  all  fields  of  science  and 
science  education.  In  fiscal  year  1980, 
the  Foundation  is  providing  about  $23  mil¬ 
lion,  or  about  8  percent  of  the  nearly  $350 
million  of  Federal  support  for  high  energy 
physics.  The  Department  of  Energy  (DOE)  has 
primary  responsibility  for  implementing  a 
sound  national  high  energy  physics  program 
and  is  supporting  the  program  with  about 
$325  million  in  fiscal  year  1980.  (See  p. 
29. ) 

Whether  the  funding  of  high  energy  physics 
research  is  appropriately  balanced  with 
support  of  research  in  other  basic  science 
fields  is  not  clear.  GAO  found  little  doc¬ 
umented  evidence  that  the  needs  of  other 
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basic  sciences  were  adequately  considered 
in  establishing  DOE'S  level  of  support, 
which  represents  over  90  percent  of  the  Fed¬ 
eral  funding.  DOE's  funding  is  based  on  an 
agreement  with  OMB  to  annually  fund  DOE's 
high  energy  physics  at  a  constant  level  of 
$300  million  (in  1979  dollars)  from  fiscal 
years  1979  through  1984.  This  was  the  mini¬ 
mum  amount  the  physics  community  believed 
needed  to  maintain  a  viable  U.S.  program 
with  adequate  diversity.  The  amount  of  funds 
provided  by  DOE  has  not  been  based  on  a  com¬ 
prehensive  plan  for  maintaining  a  leadership 
position.  (See  p.  44.) 

GAO  believes  the  program  has  been  faced 
with  trying  to  do  more  than  available  funds 
would  allow.  Since  the  funding  agreement 
was  reached,  DOE  has  not  formally  prepared 
a  comprehensive  plan  which  is  consistent 
with  the  agreed  upon  funding  level.  At  cur¬ 
rent  funding,  the  program  has  been  emphasiz¬ 
ing  the  development  and  construction  of 
accelerators — machines  which  can  be  used  in 
more  sophisticated  or  higher  energy  research 
directed  toward  significant  physics  discov¬ 
eries.  Other  key  program  elements,  such  as 
long-term  research  and  development  of  new 
accelerator  technologies,  the  use  of  exist¬ 
ing  accelerators  for  physics  research,  and 
the  support  of  university  researchers,  have 
been  inadequately  funded.  The  present  ef¬ 
forts  may  help  maintain  leadership  by  pro¬ 
viding  needed  accelerator  capabilities,  but 
inadequate  funding  of  these  other  program 
elements  may  have  detrimental  effects  on 
long-term  accelerator  technology  and  the 
participation  of  the  brightest  and  most  tal¬ 
ented  U.S.  scientists,  which  may  jeopardize 
the  maintenance  of  leadership.  (See  ch.  4.) 

GAO  believes  that  the  objective  of  maintain¬ 
ing  a  world  leading  position  in  high  energy 
physics;  a  plan  for  achieving  that  objective; 
and  the  level  of  funding  needed  should  be 
examined  in  light  of  the  program's  needs  and 
importance  relative  to  other  basic  sciences. 

A  number  of  policy  alternatives  and  approach¬ 
es  are  available  for  the  U.S.  high  energy 
physics  program,  each  of  which  offers  advan¬ 
tages  and  disadvantages.  GAO's  exploration 
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of  these  alternatives  and  approaches  dis¬ 
closed  no  easy  answers,  but  showed  that  a 
given  policy  and  strategy  should  not  be  pur¬ 
sued  unless  the  amount  of  funds  needed  are 
made  available.  (See  ch.  5.) 

During  the  course  of  GAO's  review,  DOE  in¬ 
itiated  a  study,  conducted  by  its  advisory 
panel,  which  was  to  develop  near-,  mid-,  and 
long-range  plans  for  present  and  increased 
funding  levels.  GAO  believes  the  develop¬ 
ment  of  such  plans  is  commendable  and  should 
be  formally  instituted  on  a  periodic  basis 
and  submitted  to  the  Congress  for  its  infor¬ 
mation  and  use  in  carrying  out  its  budgetary 
and  oversight  responsibilities.  (See  p.  58.) 

RECOMMENDATIONS 

In  his  capacity  of  having  overall  oversight 
responsibility  over  federally  funded  basic 
research,  GAO  recommends  the  Director,  Of¬ 
fice  of  Science  and  Technology  Policy, 
assemble  a  work  group  to  conduct  a  study  to 
determine  the  appropriate  level  for  funding 
the  U.S.  high  energy  physics  program  taking 
into  consideration  the  program’s  needs  and 
importance  relative  to  other  basic  sciences. 
Based  on  the  results  of  such  a  study,  GAO 
recommends  the  Director  prepare  a  policy 
paper  setting  forth  the  objectives  of  the 
U.S.  program,  a  strategy  for  achieving  such 
objectives,  and  the  appropriate  annual  fund¬ 
ing  levels  for  carrying  out  the  strategy. 

Such  funding  levels  should  consider  projected 
amounts  for  major  functions  such  as  con¬ 
struction,  accelerator  operations,  acceler¬ 
ator  research  and  development,  equipment, 
equipment  research  and  development,  and  phys¬ 
ics  research.  GAO  further  recommends  the 
Director  consult  with  the  appropriate  over¬ 
sight  committees  of  the  Congress  for  their 
views  and  input  in  helping  to  formulate  the 
policy.  (See  p.  95.) 

GAO  recommends  that  the  Directors,  OMB  and 
the  National  Science  Foundation,  and  the 
Secretary  of  Energy  fully  cooperate  in  the 
study.  (See  p.  95. ) 
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In  carrying  out  his  responsibility  for 
implementing  a  sound  national  high  energy 
physics  program,  GAO  recommends  that  the 
Secretary  of  Energy  formally  institute  the 
development  of  near-,  mid-,  and  long-range 
plans  on  a  periodic  basis.  This  would 
ensure  that  agreed  upon  program  objectives 
and  strategies  are  appropriately  pursued. 

To  provide  visibility  over  the  direction  of 
the  program,  GAO  recommends  that  these  plans 
be  submitted  to  the  Congress  for  its  infor¬ 
mation  and  use  in  carrying  out  its  budget¬ 
ary  and  oversight  responsibilities.  (See 
pp.  95  and  96.) 

MATTERS  FOR  CONSIDERATION 
feY  THfe  C6N6fcfeSS 


GAO  believes  the  Congress,  through  its 
position  of  having  oversight  and  budgetary 
responsibilities  over  all  Federal  basic  sci¬ 
ence  programs,  could  provide  valuable  input 
into  the  final  determination  of  what  the 
overall  objectives  of  the  U.S.  high  energy 
physics  program  should  be,  as  well  as  the 
appropriate  strategies  and  necessary  fund¬ 
ing  levels.  (See  p.  96.) 

AGENCY  AND  LABORATORY 

Comments 


GAO  obtained  comments  from  four  agencies 
and  six  laboratories  on  a  draft  of  this  re¬ 
port.  Generally,  they  were  concerned  with 
some  of  GAO's  interpretations  of  the  facts 
presented  in  the  draft  report.  They  pointed 
out  a  need  to  better  recognize  the  scien¬ 
tific  merit  of  the  efforts  pursued  and  the 
merits  of  program  flexibility.  They  also 
generally  disagreed  with  the  proposed  con¬ 
clusions  and  recommendations.  (See  app.  VI 
to  XV.)  Several  expert  consultants  made 
similar  comments  in  providing  GAO  advice. 

GAO  carefully  considered  the  comments,  and 
where  appropriate,  made  changes.  Throughout 
this  report,  greater  recognition  has  been 
given  to  the  scientific  merit  of  the  efforts 
pursued  and  the  need  for  flexibility.  Pro¬ 
posed  recommendations  intended  to  help  ensure 
integrity  between  funding  and  the  efforts 
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pursued  through  fiscal  accountability  were 
deleted  because  they  may  have  resulted  in 
unduly  restricting  the  flexibility  needed 
for  physicists  to  pursue  scientifically 
meritorious  efforts  in  the  future.  In¬ 
stead,  to  help  ensure  integrity  between  ef¬ 
forts  pursued  and  funding  GAO  now  recommends 
that  a  three-tier  planning  system,  similar 
to  that  proposed  by  the  former  Energy  Re¬ 
search  and  Development  Administration  in 
1975,  be  formally  instituted.  In  addition, 
while  the  agencies  and  laboratories  ques¬ 
tioned  whether  the  proposed  Office  of  Sci¬ 
ence  and  Technology-led  study  would  be 
helpful  or  needed,  GAO  continues  to  believe 
such  a  study  would  be  helpful  and  should 
be  pursued.  Hence,  although  substantial 
changes  have  been  made  to  portions  of  the 
draft  report,  this  report's  basic  thrust 
remains  the  same.  The  agencies'  and  lab¬ 
oratories'  views,  and  GAO's  evaluation, 
begin  on  page  97. 
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INTRODUCTION 

High  energy  physics,  sometimes  called  elementary  particle 
physics,  is  the  study  of  the  structure  and  properties  of  mat¬ 
ter  and  energy  in  their  most  basic  form.  Research  is  carried 
out  by  using  accelerators  which  generate  high  velocity  beams 
of  particles,  such  as  electrons  or  protons,  with  energies  of 
1  billion  electron  volts  (GeV)  1/  or  greater.  The  principal 
result  of  this  research  is  knowledge  of  the  fundamental  prop¬ 
erties  of  matter,  energy,  and  their  transformations.  The  De¬ 
partment  of  Energy  (DOE)  and  the  National  Science  Foundation 
fund  accelerator  laboratories  and  university  researchers,  the 
Office  of  Management  and  Budget  (OMB)  is  principally  involved 
in  approving  the  funding  levels,  and  the  Office  of  Science 
and  Technology  Policy  (OSTP)  is  a  source  of  scientific  and 
technological  advice  for  the  President  and  OMB.  The  United 
States  is  seeking  to  maintain  its  world  leadership  in  high 
energy  physics.  In  fiscal  year  1980,  the  U.S.  program  is 
supported  with  about  $350  million  in  Federal  funds,  or  about 
8  percent  of  the  $4.5  billion  total  Federal  funding  of  basic 
research.  A  more  detailed  discussion  of  the  Federal  role 
and  funding  is  presented  in  chapter  3. 

NATURE  OF  HIGH  ENERGY  PHYSICS 


High  energy  physics  is  a  basic  science  which  studies  and 
investigates  the  nature  of  subnuclear  ,  or  "elementary,"  parti¬ 
cles,  their  interaction  with  one  another,  and  the  energy  which 
binds  them  together.  The  related  research  includes  experimen¬ 
tal  studies  and  theoretical  analyses  which  seek  to  provide  new 
insights  into  the  ultimate  constituents  and  structure  of  mat¬ 
ter,  the  nature  of  the  known  fundamental  forces  of  nature,  and 
the  relationship  among  the  forces.  Physicists  expect  to  un¬ 
cover  phenomena  which  could  revolutionize  man's  way  of  think¬ 
ing  about  nature. 

To  probe  deeply  into  the  nature  of  matter  and  energy, 
physicists  use  intense  beams  of  very  energetic  particles  which 
are  available  only  through  high  energy  particle  accelera¬ 
tors  or  exploding  stars.  Beams  of  particles  produced  by  an 
accelerator,  in  effect,  provide  a  ’'light"  for  the  physicist 


1/One  electron  volt  is  the  amount  of  energy  gained  by  a  parti¬ 
cle  of  unit  charge  accelerated  through  an  electric  field 
produced  by  one  volt.  This  report  does  not  discuss  medium- 
energy  facilities  and  research  which  involve  accelerators 
that  operate  at  energy  levels  below  1  GeV. 
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to  "see"  the  inner  nature  of  protons  and  electrons,  their 
antiparticles  (antiprotons  and  positrons),  and  other  sub- 
nuclear  particles.  In  this  sense  the  accelerator  is  analogous 
to  a  super  microscope  that  enables  man  to  study  the  substruc¬ 
ture  of  nuclear  particles  that  have  dimensions  billions  of 
times  smaller  than  the  smallest  object  visible  through  an  op¬ 
tical  microscope.  As  physicists  have  been  delving  deeper  into 
the  "heart"  of  matter,  higher  energy  accelerators  have  been 
required  to  study  the  particles.  These  large  accelerators,  as 
well  as  the  detection  and  analysis  apparatus  for  specific  ex¬ 
periments,  are  expensive  and  are  often  developed  using  state- 
of-the-art  technology. 

Historically,  the  accelerator  energies  for  the  processes 
studied  by  the  high  energy  physicists  have  increased  by  a 
factor  of  10  roughly  every  7  years.  Such  increases  have  been 
made  possible  by  the  development  of  new  particle  accelerator 
and  storage  ring  technologies.  1/  However,  present  discus¬ 
sions  about  future  machines  tend  to  focus  on  extensions  of  ex¬ 
isting  technology.  For  the  frontier  machines  capable  of  pro¬ 
viding  the  most  sought  after  physics  discoveries  (such  as  (1) 
electron-positron  colliding  beam  storage  rings,  (2)  proton- 
proton  colliding-beam  storage  rings,  and  (3)  proton  circular 
accelerators  producing  beams  on  fixed  targets)  ,  future  costs 
may  increase  rapidly  with  energies.  Thus,  unless  new  tech¬ 
nology  becomes  available  to  limit  future  costs,  future  growth 
in  energies  may  not  be  affordable. 

The  growth  of  particle  accelerator  technologies  has 
paralleled  a  corresponding  development  in  the  techniques 
of  detecting  and  identifying  particles  and  in  measuring  their 
trajectories.  A  variety  of  particle  detectors  have  been  de¬ 
veloped,  such  as  spark  chambers  and  bubble  chambers,  for 
observing  and  distinguishing  elementary  particles  and  their 
interactions.  In  the  bubble  chamber,  electrically  charged 
particles  pass  through  low-temperature  liquid  hydrogen  and 
leave  trails  of  bubbles.  The  trails  are  photographed  and 
subsequently  analyzed.  In  spark  chambers,  charged  particles 
pass  through  a  parallel  array  of  electrically  charged  metal 
plates.  The  spaces  between  the  plates  are  filled  with  an 
inert  gas.  Events  occurring  within  the  chamber  are  revealed 
by  sparks  which  jump  between  the  plates  at  the  points  tra¬ 
versed  by  the  charged  particles.  The  events  are  recorded 
optically  or  electronically. 


1/Although  some  colliding  beam  storage  ring  machines  technical- 
“  ly  are  not  accelerators  because  they  only  maintain  particles 
at  the  energies  at  which  they  enter  the  rings,  for  simplicity 
we  refer  to  them  as  accelerators  throughout  the  report. 
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Other  detectors  have  been  designed  as  a  result  of  the  ra¬ 
pid  development  of  electronic  devices  in  recent  years.  Among 
the  modern  detectors  are  proportional  chambers  and  drift  cham¬ 
bers,  which  use  the  ionization  of  gasses  along  the  path  of  a 
charged  particle.  Scintillation  counters  use  the  light  emit¬ 
ted  by  a  charged  particle  passing  through  that  detector.  Each 
of  these  detectors  has  properties  which  make  it  especially 
suitable  for  studies  of  specific  properties  of  particles  and 
the  forces  which  hold  them  together. 

After  an  experiment  is  completed,  the  resulting  data  are 
analyzed  and  evaluated.  Related  findings  are  generally  pub¬ 
lished  in  scientific  journals. 

The  U.S.  high  energy  physics  program  is  currently  syn¬ 
thesizing  the  results  of  recent  discoveries,  as  well  as  con¬ 
tinuing  with  exploration  that  could  lead  to  new  discoveries. 
Based  on  recent  experimental  data,  physicists  believe  that 
the  weak  interaction  and  the  electromagnetic  interaction,  two 
of  the  four  fundamental  forces  of  nature,  are  different  mani¬ 
festations  of  the  same  unified  force.  The  weak  interactions 
describe  the  forces  governing  the  radioactive  decay  of  many 
of  the  observed  particles  and  nuclei.  Electromagnetic  inter¬ 
actions  describe  the  forces  which  hold  electrons  to  the  nucle¬ 
us  of  an  atom  and  hold  atoms  into  molecules.  The  other  two 
forces  are  the  strong  interaction  and  the  gravitational  force. 
In  addition,  recent  discoveries  of  "quarks"  (the  name  given 
the  basic  set  of  constituents  that  protons,  neutrons  and  other 
elementary  particles  are  theorized  to  consist  of)  and  "gluons" 
(believed  to  be  the  energy-carrying  particle  of  the  strong 
force)  indicate  progress  toward  a  basic  understanding  of 
strong  interaction  forces,  which  hold  nuclei  together.  Phys¬ 
icists'  interpretations  of  the  data  indicate  that  the  strong 
force  may  in  the  future  be  unified  with  the  weak  and  electro¬ 
magnetic  forces,  which  would  bring  them  a  step  closer  to  the 
goal  of  describing  all  of  the  four  basic  forces  in  a  unified 
framework  pioneered  by  Albert  Einstein.  An  illustration  of 
physicists'  emerging  understanding  of  matter  is  on  the  follow¬ 
ing  page.  Physicists  believe  that  such  knowledge  will  enhance 
man's  understanding  of  nature  and  help  him  use  his  resources 
to  control  the  environment. 

BENEFITS  OF  HIGH  ENERGY  PHYSICS 

The  principal  result  of  high  energy  physics  research  is 
fundamental  knowledge.  The  value  of  this  knowledge  is  not 
easily  quantifiable  in  dollars,  but  is  more  of  a  subjective 
value.  In  addition,  the  benefits  of  high  energy  physics  re¬ 
search  can  be  categorized  as  (1)  the  potential  practical  ap¬ 
plications  of  research  discoveries,  (2)  its  cultural  value  to 
society,  and  (3)  spinoff  benefits  from  the  means  and  methods 
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used  in  carrying  out  the  research.  In  addition,  economists 
and  scholars  generally  agree  that  a  high  positive  correlation 
exists  between  research  and  development  ( R&D )  and  economic 
growth . 

A  somewhat  technical  listing  of  the  major  U.S.  high  ener¬ 
gy  physics  accomplishments,  as  provided  by  DOE,  is  presented 
in  appendix  I. 

Potential  practical  applications 
o£  research  discoveries 

Although  high  energy  physics  research  cannot  guarantee, 
or  even  predict,  practical  applications  of  a  research  dis¬ 
covery,  knowledge  gained  about  elementary  particles  and  their 
interactions  may  have  future  applications.  When  first  found 
in  other  physics  fields,  many  discoveries  such  as  electricity, 
magnetism,  and  radioactivity,  were  considered  to  be  unimpor¬ 
tant  side  effects  of  nature.  Today,  these  phenomena  have  been 
exploited  for  numerous  technological  applications.  Thus,  al¬ 
though  high  energy  physics  research  seemingly  deals  with  very 
esoteric  activities  that  are  well  understood  only  by  physi¬ 
cists,  the  knowledge  gained  from  such  research  may  someday 
have  useful  applications. 

Research  discoveries  in  high  energy  physics  have  helped 
the  scientists  in  fields  of  astrophysics  and  cosmology  study 
the  nature  of  the  universe.  Some  research  is  also  being  car¬ 
ried  out  in  other  fields,  such  as  cancer  radiation  therapy  and 
inertial  confinement  fusion,  to  apply  the  knowledge  gained  of 
elementary  particles  toward  a  practical  use.  At  this  time, 
however,  no  one  knows  for  sure  whether  or  where  past  or  future 
high  energy  physics  research  discoveries  will  find  practical 
applications.  In  this  regard,  a  1979  National  Academy  of  Sci¬ 
ences  report  1/  pointed  out  that  the  study  of  matter  is  much 
like  an  "act  of  faith" — past  successes  justify  having  faith  in 
achieving  future  successes. 

Basic  science  successes  of  the  past  are  often  cited  as 
being  analogous  to  the  potential  payoff  for  high  energy  phys¬ 
ics  research.  For  example,  the  work  of  Copernicus,  Galileo, 
and  Kepler  preceded  Newton's  formulation  of  the  basic  laws 
of  dynamics  and  the  expression  of  the  gravitational  law  in  a 
mathematically  symmetrical  form,  which  was  expanded  by  Ein¬ 
stein  in  his  general  theory  of  relativity.  Today  this  theory 
can  be  used  to  explain  the  motion  of  everything  affected  by 


1/Science  and  Technology,  A  Five-Year  Outlook,  The  National 
~  Academy  of  Sciences,  W.to.  Freeman  and  Co.,  1979. 
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gravity,  from  baseballs  to  satellites  to  planets.  The  laws 
of  electromagnetism  required  over  a  century  for  their  refine¬ 
ment,  and  James  Maxwell’s  search  for  a  mathematically  sym¬ 
metrical  treatment  of  electric  and  magnetic  forces  was  an 
essential  element  in  their  perfection.  These  laws  now  per¬ 
mit  an  understanding  of  electromagnetic  radiation,  including 
light,  and  enabled  the  development  of  devices  such  as  the 
radio,  television,  radar  and  computers.  Einstein's  develop¬ 
ment  of  the  special  theory  of  relativity  was  an  essential 
key  to  the  development  of  the  atom  bomb  and  the  production 
of  nuclear  energy. 

DOE  high  energy  physics  program  officials  pointed  out: 

“Most  discoveries  in  fundamental  science  have  led 
to  strong  practical  use.  The  inverse  is  also  true: 
rarely  has  there  been  an  important  practical  tech¬ 
nical  innovation  that  was  not  based  upon  some  in¬ 
sight  of  basic  science." 

Perhaps  some  day  high  energy  physics  will  uncover  a  new  law 
of  nature  which  may  provide  the  insights  to  matter  and  energy 
needed  to  solve  the  problems  of  tomorrow. 

Cultural  value 


The  high  energy  physics  community  often  refers  to  the 
cultural  value  of  the  field  to  society.  This  value  is — as 
with  any  basic  science — impossible  to  fully  quantify,  or  for 
that  matter,  render  a  judgment  as  to  the  significance  of  its 
worth.  DOE  officials,  however,  provided  us  with  the  follow¬ 
ing  view. 

"In  the  past  two  hundred  years,  mankind  has  found 
some  truly  fundamental  causes  for  what  is  going  on 
in  the  natural  world  and  we  have  learned  to  pene¬ 
trate  below  the  surface  of  the  phenomena  that  are 
ordinarily  observed  around  us.  Basic  science  has 
searched  for  and  has  found  a  regular  world  beneath 
the  seemingly  irregular  flow  of  natural  events  and 
has  studied  its  laws  and  interrelations.  This 
search  goes  on  and  reaches  ever  deeper  layers  of 
nature  finding  at  the  same  time  new  and  unexpected 
forms  of  natural  events.  High  energy  physics  is 
a  spearhead  in  this  endeavor,  it  tries  to  reach 
the  deepest  level  of  the  material  world. 

"Basic  science  is  one  of  the  cornerstones  of  our 
Western  civilization.  No  other  civilization  has 
created  anything  like  it.  It  is  probably  the  major 
contribution  of  our  time  to  the  great  creations" 
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"of  the  human  spirit.  It  is  one  of  the  positive, 
constructive  elements  in  the  time  when  so  many 
values  are  undermined  and  overthrown. 

"A  vigorous  basic  science  creates  a  spiritual 
climate  which  affects  the  whole  intellectual  life 
of  the  Nation  by  its  influence  on  the  way  of 
thinking  and  by  setting  standards  for  many  other 
intellectual  activities.  Applied  sciences  and 
technology  adjust  themselves  to  the  highest  in¬ 
tellectual  standards  which  are  strived  for  in 
the  basic  sciences.  It  is  the  style,  the  scale, 
and  the  level  of  scientific  and  technical  work 
in  pure  research  that  attracts  some  of  the  most 
inventive  spirits  and  brings  the  most  active 
scientists  to  those  countries  where  science  is 
at  its  highest  level.  This  is  why  many  outstand¬ 
ing  scientists  have  moved  to  the  United  States 
from  other  countries  in  the  recent  decades. 

"The  case  for  generous  support  for  pure  and 
fundamental  science  is  as  simple  as  this.  Fun¬ 
damental  research  sets  the  standards  of  modern 
scientific  thought;  it  creates  part  of  the  in¬ 
tellectual  climate  in  which  our  modern  civiliza¬ 
tion  flourishes.  It  pumps  the  lifeblood  of  ideas 
and  inventiveness  not  only  into  the  technologi¬ 
cal  laboratories  and  factories,  but  also  affects 
other  cultural  activities.  It  is  a  most  vital 
and  active  part  of  our  intellectual  life,  a  part 
which  we  all  should  regard  with  pride  as  one  of 
the  highest  achievements  of  our  century." 

Spinoff  applications 

The  means  and  methods  of  carrying  out  high  energy  physics 
research  can  provide  spinoff  benefits.  Through  the  develop¬ 
ment  of  technologies  for  use  in  the  accelerators  or  detectors 
used  as  tools  by  physicists,  other  science  fields  have  been 
enhanced  or  advanced.  In  addition  to  the  technological  spin¬ 
offs,  the  methods  and  experiences  gained  by  high  energy  phys¬ 
ics  researchers  tend  to  crossfertilize  other  sciences  and 
technologies  when  researchers  transfer  to  those  other  fields. 

In  developing  new  accelerators  and  detectors,  the  tech¬ 
nologies  used  have  been  advanced.  One  recent  example  is  a 
good  illustration.  The  development  of  superconducting  magnets 
for  detectors  and  accelerators  has  helped  advance  the  state- 
of-the-art  of  superconducting  technology.  In  addition  to  ad¬ 
vancing  the  state-of-the-art,  the  large  accelerators  currently 
being  developed  require  large  quantities  of  superconducting 
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magnets  and  help  establish  a  market  for  new  technological 
products.  By  establishing  such  a  market  ,  the  industrial  capa¬ 
bility  to  produce  such  materials  has  been  enhanced. 

In  recent  years,  the  accelerators  and  apparatus  used  for 
high  energy  physics  research  have  been  used  for  research  in 
other  science  fields.  For  example,  the  radiation  emitted  by 
electrons  circulating  in  a  synchrotron  or  storage  ring  (re¬ 
ferred  to  as  synchrotron  radiation)  is  being  used  as  an  impor¬ 
tant  scientific  tool  for  the  study  of  matter  in  other  research 
fields.  Synchrotron  radiation  was  once  considered  an  undesir¬ 
able  by-product  of  particle  accelerators.  However,  scientists 
are  now  harnessing  this  by-product  into  beams  of  ultraviolet 
and  x-ray  photons,  1/  which  are  being  used  in  such  areas  of 
research  as  biology,  condensed  matter  (study  of  matter  in  sol¬ 
id  and  liquid  states)  and  surface  matter  physics,  chemistry, 
and  materials  science. 

In  the  late  1960s,  a  medium  energy  ring  at  the  Univer¬ 
sity  of  Wisconsin,  called  Tantalus  (240  million  electron- 
volts),  became  the  first  storage  ring  to  be  used  as  a  source 
of  synchrotron  radiation.  The  success  of  synchrotron  radia¬ 
tion  as  an  experimental  tool  has  resulted  in  other  facilities 
being  built  expressly  for  this  purpose  in  two  modes — (1)  as 
dedicated  facilities  and  (2)  as  a  synchrotron  radiation  labo¬ 
ratory  attached  in  a  "parasitic'1  mode  to  high  energy  physics 
colliding  beam  facilities.  The  Stanford  Positron  Electron 
Asymmetric  Ring  at  Stanford  Linear  Accelerator  Center  has 
associated  with  it  a  major  synchrotron  radiation  laboratory 
operating  in  a  parasitic  mode.  In  1980,  about  50  percent  of 
the  Stanford  ring's  operating  time  will  be  dedicated  to  the 
synchrotron  radiation  laboratory.  A  synchrotron  radiation 
laboratory  is  being  built  in  a  parasitic  mode  to  the  new  8- 
GeV  electron-positron  storage  ring  at  Cornell  University  and 
the  National  Synchrotron  Light  Source  is  being  built  at  Brook- 
haven  National  Laboratory.  Physicists  point  out  that  high 
energy  physics  accelerators  and  apparatus  with  higher  inten¬ 
sity  beams  have  helped  expand  the  capabilities  of  carrying 
out  synchrotron  radiation  experiments  at  a  minimal  cost. 

Physicists  also  point  out  that  in  recent  years,  the  gap 
between  fusion  R&D  and  high  energy  physics  has  narrowed.  One 
of  the  inertial  confinement  fusion  systems  currently  being  re¬ 
searched  uses  heavy-ion  fusion  beams.  Although  large  high 
energy  particle  accelerators  have  not  yet  been  used  for  heavy- 
ion  fusion  research,  some  scientists  believe  that  accelerators 


1/A  photon  is  a  quantum  (a  quantity)  of  electromagnetic  radia- 
~  tion. 
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similar  to  the  large  accelerators  in  operation  today  will 
someday  be  used  to  produce  energy  from  heavy-ion  fusion  reac¬ 
tions.  Also,  accelerator  experts,  including  some  from  high- 
energy  physics,  have  been  designing  a  light- ion  beam  fusion 
facility  for  which  construction  is  expected  to  start  at  San- 
dia,  New  Mexico,  in  fiscal  year  1981. 

One  prominent  physicist  told  us  that  he  predicts  that 
the  next  important  spinoff  application  of  accelerator  tech¬ 
nology  will  be  pulsed  neutron  sources.  Currently,  low-energy, 
steady-state  neutron  beams  from  reactors  are  used  as  tools 
for  investigating  the  characteristics  of  condensed  matter. 

The  use  of  steady-state  neutrons,  however,  has  disadvantages 
which  impose  long  periods  of  data  collection  time  on  experi¬ 
ments.  Scientists  believe  that  pulsed,  high-energy  charged 
particles  (electrons  or  protons)  have  the  potential  for  pro¬ 
ducing  neutrons,  through  various  nuclear  reactions,  that  are 
better  suited  for  some  experiments.  Thus,  scientists  envision 
that  pulsed  neutron  sources  will  open  up  many  new  scientific 
areas  for  experimentation.  In  fact,  work  with  such  sources 
has  already  begun. 

High  energy  physics  research  also  provides  physicists 
with  experience  in  tackling  unexplained  phenomena  and  scien¬ 
tific  methods  for  exploring  them.  The  physicists  are  exposed 
to  challenges,  such  as  creating  conditions  prevailing  in  ex¬ 
ploding  stars,  under  exacting  conditions  within  a  laboratory. 
According  to  DOE,  more  than  half  of  the  high  energy  physics 
graduate  students  ultimately  use  and  apply  their  knowledge 
and  experiences  gained  in  jobs  in  other  science  and  technol¬ 
ogy  fields.  The  physics  community  believes  that  this  transfer 
of  persons  trained  in  high  energy  physics  to  other  scientific 
disciplines  helps  crossfer til ize  those  other  disciplines  and 
ultimately  helps  scientific  and  industrial  growth. 

SCOPE  AND  METHODOLOGY  OF  STUDY 

In  February  1978,  the  Director  of  Fermi  National  Accel¬ 
erator  Laboratory  (Fermilab),  the  largest  U.S.  accelerator 
laboratory,  resigned  because  of  dissatisfaction  with  the  U.S. 
high  energy  physics  program.  He  cited  budgetary  issues,  his 
inability  to  secure  funds  for  a  major  accelerator  advancement 
project,  and  lost  U.S.  prominence  in  the  field.  The  resigna¬ 
tion  generated  considerable  publicity,  kindled  congressional 
interest,  and  called  the  U.S.  program's  status  into  question. 

As  part  of  our  continuing  interest  in  the  vitality  of 
U.S.  basic  science,  we  surveyed  the  U.S.  high  energy  physics 
program.  During  our  survey,  we  identified  four  major  issues 
surrounding  the  vitality  of  the  program. 
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— Is  the  United  States  losing  its  world  leadership 
position  in  high  energy  physics? 

— Can  the  infrastructure  for  managing  the  high  energy 
physics  program  be  improved? 

— How  much  independence  should  accelerator  laboratory 
managers  have? 

— What  should  be  the  U.S.  policy  toward  high  energy 
physics? 

We  then  proceeded  with  the  review  in  two  phases. 

Phase  1 


In  the  first  phase,  we  collected  general  information  re¬ 
lated  to  the  four  issues  from  literature  searches  and  reviews 
of  previous  studies.  Government  reports,  and  technical  jour¬ 
nals;  legislative  histories;  Federal  agencies;  and  U.S.  high 
energy  physics  accelerator  laboratories.  Based  on  this  infor¬ 
mation,  we  developed  an  approach  for  reviewing  the  issues. 

This  first  phase  culminated  with  an  October  7,  1978,  meeting 
with  experts  in  which  we  obtained  their  views  on  the  four  ma¬ 
jor  issues  identified  and  our  approach  for  reviewing  them. 

The  principal  purpose  of  the  meeting  was  to  validate  the  is¬ 
sues  and  to  obtain  insights  to  some  of  the  pitfalls  to  avoid 
in  reviewing  them. 

The  experts  assembled  represented  those  with  an  extensive 
knowledge  of  high  energy  physics  and/or  broad  knowledge  and 
experience  in  dealing  with  science  policy  and  management  mat¬ 
ters.  The  experts  present  at  the  October  1978  meeting  are 
listed  in  appendix  II.  In  general,  the  experts  validated  the 
issues  and,  with  some  modifications,  the  review  approach. 

Phase  2 


We  then  proceeded  to  the  second  phase  of  the  review. 

Since  most  of  the  moneys  for  high  energy  physics  relate  to 
accelerator  facilities  and  equipment  for  conducting  the  phys¬ 
ics  experiments,  we  focused  our  review  principally  on  factors 
relating  to  the  experimental  research  rather  than  theoretical 
research.  We  did  not  review  other  basic  science  fields,  at¬ 
tempt  to  determine  the  appropriate  level  of  Federal  funding 
of  high  energy  physics,  make  relative  value  judgments  concern¬ 
ing  high  energy  physics  in  comparison  to  other  basic  science 
fields,  nor  assess  the  merits  of  the  results  of  the  research 
itself.  Instead,  we  analyzed  the  strategy,  the  compatibility 
of  resource  allocations  with  the  strategy,  the  mechanisms  for 
ensuring  that  resource  allocations  are  adhered  to,  and 
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explored  some  strategies  and  costs  of  selected  alternative 
policy  options.  The  laboratories'  and  agencies'  input  to  the 
options  is  presented  in  appendix  IV.  The  options,  strategies, 
and  costs  are  presented  in  this  report,  not  as  definitive 
plans  to  be  pursued,  but  to  merely  illustrate  the  significant 
impact  alternative  options  and  strategies  may  have  on  the  pro¬ 
gram  and  the  Federal  funds  needed  to  carry  out  those  options 
and  strategies. 

Our  specific  review  objectives  for  this  second  phase  were 
to 


— outline  the  long-term  changes  in  resources  and  results 
and  the  recent  concerns  of  the  scientific  community 
which  pertain  to  the  vitality  of  the  high  energy 
physics  research  program; 

— compare  the  trends  in  resources  and  results  of  the 
U.S.  high  energy  physics  research  program  with  similar 
trends  in  the  European  high  energy  physics  program; 

— examine  the  compatibility  of  the  Federal  policy, 
planning,  and  funding  for  high  energy  physics; 

— determine  the  mechanisms  for  allocating  funds  to  and 
within  high  energy  physics  laboratories  and  examine 
whether  the  related  decisions  are  made  in  the  con¬ 
text  of  overall  national  program  objectives;  and 

— identify  the  costs,  advantages,  and  disadvantages  for 
selected  alternative  policy  options  for  the  U.S.  high 
energy  physics  program  in  the  1980s. 

We  made  our  review  principally  at  DOE  and  the  National 
Science  Foundation  headquarters  offices,  Washington,  D.C.,  and 
at  the  three  major  U.S.  accelerator  centers — Brookhaven  Na¬ 
tional  Laboratory,  Upton,  New  York;  Fermi  National  Accelerator 
Laboratory,  Batavia,  Illinois;  and  Stanford  Linear  Accelerator 
Center,  Stanford,  California.  We  also  conducted  work  at  Ar- 
gonne  National  Laboratory,  Darien,  Illinois;  Wilson  Synchro¬ 
tron  Laboratory,  Ithaca,  New  York;  Lawrence  Berkeley  Labora¬ 
tory,  Berkeley,  California;  European  Organization  for  Nuclear 
Research  (CERN),  Geneva,  Switzerland;  Deutches  Electronen  Syn¬ 
chrotron,  Hamburg,  Germany;  and  the  Office  of  Management  and 
Budget,  Washington,  D.C.  At  each  organization,  we  obtained 
information  on  past,  current,  and  planned  high  energy  physics 
activities  by  examining  records  and  interviewing  management 
officials.  We  also  contacted  an  official  of  the  Office  of 
Science  and  Technology  Policy,  Washington,  D.C.,  obtained  his 
views,  and  reviewed  documents  he  provided. 
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In  addition,  we  obtained  views  on  the  vitality  of  the 
program  from  experimentalists  in  user  groups  conducting  exper¬ 
iments  at  the  accelerator  laboratories.  We  also  attended 
meetings  of  DOE'S  High  Energy  Physics  Advisory  Panel  1/  and 
obtained  and  reviewed  its  reports  on  various  matters  of  con¬ 
cern  to  the  high  energy  physics  community. 

Comments  from  Federal  agencies, 
laboratories,  and  experts 

We  provided  a  draft  of  this  report  to  all  cognizant  Fed¬ 
eral  agencies  and  U.S.  accelerator  laboratories  for  their 
review  and  comment.  In  addition,  we  concurrently  provided  13 
experts  with  copies  of  the  draft  to  obtain  their  views  and 
comments . 

We  received  official  comments  from  four  Federal  agencies 
and  six  U.S.  accelerator  laboratories.  We  considered  their 
comments  as  discussed  in  chapter  7  before  preparing  the  final 
report.  The  full  texts  of  the  Federal  agencies'  and  labora¬ 
tories'  comments  are  included  as  appendixes  VI  through  XV. 

On  February  26,  1980,  we  met  with  six  experts  to  obtain 
their  comments  and  views  on  our  draft  report.  Seven  other 
experts  invited  to  the  meeting  were  unable  to  attend.  Experts 
commenting  on  the  draft  report  are  listed  in  appendix  II. 

This  report  reflects  changes  made  to  the  draft  after  we 
considered  the  experts'  comments.  We  greatly  appreciate  the 
time  and  effort  that  many  of  the  agencies,  laboratories,  and 
experts  spent  providing  us  input  and  commenting  on  the  report. 
Their  comments  contributed  significantly  toward  assuring  the 
quality  and  accuracy  of  the  report,  and  in  lending  balance  to 
the  positions  we  have  taken.  We  wish  to  emphasize,  however, 
that  the  analyses,  conclusions,  and  recommendations  in  this 
report  are  ours  and  do  not  necessarily  agree,  in  whole  or  in 
part,  with  the  views  of  any  of  the  individual  experts,  agen¬ 
cies,  or  laborator ies . 


1/The  High  Energy  Physics  Advisory  Panel  reports  directly  to 
”  DOE's  Director  of  Energy  Research.  Its  charter  is  to  review 
the  program  and  provide  advice  on  overall  program  balance, 
scientific  priorities,  and  special  problems. 
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CHAPTER  2 


A  PERSPECTIVE  ON  WORLD 
LEADERSHIP  IN  Hl6H  ENERGY  PHYSICS 


During  the  past  30  years,  U.S.  high  energy  physics  re¬ 
search  efforts  have  led  the  world  in  terms  of  significant 
physics  results,  but  Western  Europe  is  now  spending  more  money 
than  the  United  States  and  challenging  that  lead.  Although 
the  principal  goal  of  high  energy  physics  is  to  further  man's 
understanding  of  matter  and  energy  in  their  most  basic  form 
and  their  transformations,  competition  to  be  the  first  to  dis¬ 
cover  such  phenomena  helps  set  the  pace  of  the  research  ef¬ 
forts.  Physics  theoreticians  develop  physics  theories  based 
on  past  experimental  results  and  predict  future  discoveries. 
The  physics  experimenter  then  seeks  to  make  the  major  discov¬ 
ery  which  would  prove  or  disprove  the  theory  or  theories.  To 
have  an  opportunity  to  make  the  signficant  discovery  is  impor¬ 
tant  to  the  drive  and  morale  of  the  high  energy  physicist. 

HISTORICAL  PERSPECTIVE 

At  the  beginning  of  this  century,  physicists  found  that 
the  atom,  previously  thought  to  be  indivisible,  is  made  up  of 
smaller  particles.  Following  the  discovery  that  atoms  are 
composite  structures,  the  scientific  forefront  became  nuclear 
physics.  In  1930,  two  British  physicists,  John  D.  Cockcroft 
and  Ernest  T.  S.  Walton,  achieved  the  first  artificially  pro¬ 
duced  nuclear  disintegration  by  accelerating  protons  within 
a  nucleus  using  what  became  known  as  the  Cockcrof t-Wal ton 
accelerator.  In  the  same  year,  Ernest  0.  Lawrence,  working 
at  the  University  of  California  at  Berkeley,  developed  an 
accelerator,  called  the  cyclotron,  which  eventually  yielded 
particles  with  energies  of  8  million  electron  volts. 

Prior  to  World  War  II,  university  funding  of  basic  re¬ 
search  was  common  practice  and  Lawrence's  cyclotron  was  funded 
by  the  University  of  California.  At  the  end  of  the  war,  the 
Federal  Government  established  a  peacetime  atomic  research 
program  and  provided  $170,000  for  the  construction  of  a  200- 
million  electron  volt  accelerator  at  Berkeley.  Berkeley  later 
built  a  6-GeV  accelerator  called  the  Bevatron.  To  provide 
scientists  and  universities  on  the  East  Coast  with  a  research 
facility,  Brookhaven  National  Laboratory  was  established  and 
a  3-GeV  proton  accelerator  was  constructed.  The  accelerator 
went  into  operation  in  1952  and,  including  subsequent  improve¬ 
ments,  cost  a  total  of  $9.3  million  to  construct.  A  photo¬ 
graph  of  the  present  high  energy  physics  facilities  at  Brook- 
haven  is  on  the  next  page. 
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During  the  1950s  the  Berkeley  and  Brookhaven  accelerator 
facilities  were  upgraded  with  higher  energy  accelerators  and 
American  supremacy  in  high  energy  physics  was  ^challenged. 
Under  the  former  Atomic  Energy  Commission,  high  energy  physics 
and  nuclear  physics  were  combined  in  one  basic  research  pro¬ 
gram.  In  March  1964,  as  high  energy  physics  grew  with  cost¬ 
lier  and  larger  facilities,  the  Commission  formally  established 
a  separate  program  for  providing  high  energy  physics  support. 

Although  the  United  States  clearly  led  the  world  in  high 
energy  physics  research,  concern  existed  that  other  nations 
might  build  larger  accelerators  and  assume  world  leadership. 

In  the  midst  of  the  "cold  war"  of  the  1950s,  the  Soviet  Un¬ 
ion's  construction  of  a  10-GeV  accelerator  and  plans  to  build 
a  larger  accelerator  were  cited  in  justifications  for  build¬ 
ing  larger  accelerators  in  the  United  States.  For  example, 
Soviet  competition  was  a  major  factor  in  seeking  authorization 
for  building  an  accelerator  at  Argonne.  Although  the  Soviets 
eventually  built  the  planned  accelerator,  and  at  times  have 
had  the  world's  highest  energy  accelerator — the  10-GeV  accel¬ 
erator  in  1957  and  the  76-GeV  proton  synchrotron  at  Serpukhov 
in  1967 — technical  or  other  problems  have  limited  their  ex¬ 
perimental  effectiveness.  To  date,  few  significant  physics 
discoveries  have  been  attributed  to  research  conducted  on 
Soviet  accelerators. 

In  1959,  the  European  Organization  for  Nuclear  Research, 
a  consortium  of  12  Western  European  nations  known  as  CERN,  1/ 
began  operating  a  28-GeV  proton  synchrotron  accelerator.  TEis 
accelerator  enabled  Western  Europe  to  begin  challenging  for 
world  leadership  in  the  field.  Both  Western  Europe  and  the 
United  States  have  continued  to  build  larger  and/or  more  so¬ 
phisticated  accelerators. 

The  energy  levels,  construction  costs,  and  year  of  ini¬ 
tial  operation  of  U.S.  high  energy  physics  accelerators  com¬ 
pleted  after  1960  or  currently  under  construction  are  listed 
on  the  following  page. 


1/CERN,  located  in  Geneva,  Switzerland,  has  12  member  nations 
— Austria,  Belgium,  Denmark,  France,  the  Federal  Republic  of 
Germany,  Greece,  Italy,  the  Netherlands,  Norway,  Sweden, 
Switzerland,  and  the  United  Kingdom. 
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Accelerator 

Energy 

level 

Construction 

costs 

Year  of 
initial 
operation 

(GeV) 

(mill  ions ) 

Alternating  Gradient 
Synchrotron 

30 

$  30.6 

1960 

Cambridge  Electron 
Accelerator 

6 

10.2 

1962 

Pr inceton-Pennsylvan ia 
Accelerator 

3 

11.6 

1963 

Zero  Gradient  Synchro¬ 
tron 

12.5 

51.4 

1963 

Cornell  Electron  Syn¬ 
chrotron 

12 

11.3 

1965 

Stanford  Linear  Acceler¬ 
ator 

a/23 

113.6 

1966 

Fermi  National  Acceler¬ 
ator 

400 

243.5 

1972 

Stanford  Positron  Elec¬ 
tron  Asymmetric  Ring 

b/2 . 5x2 . 5 

c/6.0 

1972 

Positron  Electron  Project 

18x18 

78.0 

1980 

Cornell  Electron  Storage 
Ring 

8x8 

d/20.7 

19  79 

Isabelle  (note  e) 

400x400 

275.0 

1986 

Energy  Saver  (note  e) 

500 

46.6 

1982 

a/Modified  in  1979  to  achieve  energies  of  30  GeV. 

b/Modified  in  1974  to  achieve  energies  of  about  4-GeV  x  4-GeV. 

c/Not  authorized  as  a  construction  project;  authorized  as  an 
“  experimental  facility  primarily  using  equipment  funds. 

d/Estimated  cost  includes  about  $5.9  million  for  a  magnetic 
detector  and  an  upgrade  of  a  computer  facility. 

e/Estimated;  project  is  authorized  and  under  construction. 
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The  newer  accelerators  build  upon  or  use  previous  accel¬ 
erators.  The  diagram  on  the  following  page  illustrates  how 
the  Alternating  Gradient  Synchrotron  will  be  used  to  inject 
accelerated  particles  to  Isabelle,  which  is  being  constructed 
at  Brookhaven.  In  addition,  the  Stanford  Linear  Accelerator 
is  being  used  as  an  injector  to  the  Positron  Electron  Project 
at  Stanford,  the  Cornell  Electron  Synchrotron  was  converted 
to  the  Cornell  Electron  Storage  Ring,  and  the  Fermilab  accel¬ 
erator  is  being  converted  to  the  Energy  Saver. 

Some  accelerators  have  been  shut  down.  The  Cambridge 
Electron,  Pr inceton-Pennsylvania ,  and  Zero  Gradient  Synchro¬ 
tron  accelerators  are  examples.  Although  these  accelerators 
could  have  continued  to  be  used  to  contribute  to  the  physics 
research,  such  shutdowns  have  been  made  to  conserve  funds 
for  the  more  forefront  research.  Western  Europe  similarly 
has  been  shutting  down  accelerators  which  are  no  longer  capa¬ 
ble  of  being  used  for  forefront  research. 

Funding  trends 

The  span  of  8  years  between  the  construction  of  the 
Fermilab  accelerator  and  the  Positron  Electron  Project  is 
reflected  by  the  Federal  funding  of  high  energy  physics.  Al¬ 
though  Federal  funding  levels  rose  slightly  from  fiscal  years 
1966  to  1976  in  current  year  funds,  funding  declined  in  con¬ 
stant  dollar  value  after  the  construction  of  Fermilab  which 
began  operations  in  1972.  With  the  initiation  of  the  con¬ 
struction  of  the  Positron  Electron  Project,  funding  levels 
have  again  increased,  but  the  levels  are  still  lower  than  the 
peak  funding  achieved  in  1970.  A  graph  showing  Federal  fund¬ 
ing  of  high  energy  physics — in  both  current  year  and  fiscal 
year  1979  dollars — from  fiscal  year  1966  through  1980  is  on 
page  19. 

While  U.S.  high  energy  physics  funding  peaked  in  1970, 
Western  Europe's  funding  continued  to  climb,  peaking  in  1974. 
In  recent  years  a  number  of  studies  have  been  made  comparing 
the  funding  of  high  energy  physics  in  Western  Europe  and  the 
United  States.  Although  such  studies  vary  because  of  differ¬ 
ences  in  cost  indexes  and  monetary  conversion  factors  used, 
they  each  show  that  Western  Europe's  high  energy  physics  fund 
ing  equalled  that  of  the  United  States  about  1970  and  since 
has  exceeded  U.S.  funding.  Western  European  funding  has  been 
over  twice  U.S.  funding  in  recent  years  on  a  strict  currency 
conversion  basis. 

The  physics  communities  in  both  continents  agree,  how¬ 
ever,  that  a  more  appropriate  comparison  is  the  relative 
buying  power  for  high  energy  physics  purposes.  In  1978, 
Stanford  Linear  Accelerator  Center  staff  studied  the 
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comparative  funding  trends  in  terms  of  fiscal  year  1978 
funds,  using  a  ratio  of  3.14  Swiss  Francs  to  the  dollar.  They 
estimated  that  Western  Europe's  funding  exceeded  the  United 
States'  by  about  $50  million  in  1978.  However,  due  to  the  in¬ 
creasing  strength  of  the  Swiss  Franc,  European  officials  told 
us  their  studies  have  indicated  that  the  monetary  exchange 
rate  which  would  reflect  buying  power  in  1978  was  closer  to 
2.5  Swiss  Francs  to  the  dollar.  Hence,  they  concluded  Western 
European  funding  of  high  energy  physics  exceeded  that  of  the 
United  States  by  about  $100  million  to  $140  million  in  1978. 
Regardless  of  the  precise  amounts.  Western  European  high  ener¬ 
gy  physics  funding  has  clearly  exceeded  that  of  the  United 
States  in  recent  years. 

IMPORTANCE  OF  U.S. 

LEADERSHIP 


In  broad  terms,  the  principal  objective  of  the  U.S.  high 
energy  physics  program  is  to  further  the  quest  of  knowledge. 

To  be  at  the  forefront,  which  is  considered  essential  to  fur¬ 
thering  this  quest,  the  program  seeks  to  maintain  its  world 
lead  in  the  field.  This  goal  of  maintaining  the  U.S.  position 
of  leadership  has  been  cited  in  various  congressional  hearings 
since  at  least  1963. 

Although  the  principal  goal  of  high  energy  physicists  is 
to  make  significant  physics  discoveries  and  thus  advance  the 
state  of  knowledge,  a  leadership  position  is  important  because 
it  provides  a  nation's  or  group  of  nations'  physicists  greater 
opportunities  for  making  those  significant  discoveries.  To 
help  illustrate  this,  we  will  discuss  current  high  energy 
physics  efforts  toward  discovering  a  particle  called  the 
intermediate  vector  boson.  This  particle  is  theorized  to 
be  the  carrier  of  the  weak  interaction  force.  Discovery  of 
this  particle  would  provide  experimental  evidence  needed  to 
support  a  physics  theory  which  would  unify  the  weak  inter¬ 
action  and  electromagnetic  forces  of  nature.  To  have  the  op¬ 
portunity  to  discover  new  particles  such  as  the  intermediate 
vector  boson  is  important  in  maintaining  the  drive  and  morale 
of  the  high  energy  physics  experimenter.  We  would  like  to 
point  out  that  the  accelerators  referred  to  in  the  following 
discussion  would  be  capable  of  carrying  out  other  physics  re¬ 
search,  and  their  sole  purpose  is  not  the  discovery  of  this 
particle . 

Present  physics  theories  imply  that  the  intermediate 
vector  boson  can  be  found  through  proton-proton,  proton- 
antiproton,  or  electron-positron  collisions.  The  28-GeV  x 
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28-GeV  1/  Intersecting  Storage  Ring  at  CERN  was  once  believed 
to  be  capable  of  exploring  a  part  of  the  energy  range  where 
the  particle  was  theorized  to  be.  This  accelerator  has  been 
in  operation  since  1971,  but  no  indication  of  the  intermediate 
vector  boson  has  been  found  and  more  recent  theory  predicts 
the  particle  can  be  found  at  a  higher  energy.  Thus,  the  best 
hope  of  discovering  the  particle  with  proton-proton  colliding 
beams  is  with  very  high-energy,  high-luminosity  2/  beams  such 
as  those  that  would  be  available  from  Isabelle,  a  400-GeV  x 
400-GeV  proton-proton  colliding  beam  accelerator  currently 
under  construction  at  Brookhaven.  Isabelle,  however,  is  not 
scheduled  to  be  completed  until  1986. 

Although  no  proton-antiproton  colliding  beam  accelerators 
are  yet  in  operation,  CERN  is  constructing  a  270-GeV  x  270-GeV 
ring  which  is  expected  to  begin  operations  in  1981.  Proton- 
antiproton  collisions  from  the  ring  are  expected  to  be  able  to 
help  discover  the  intermediate  vector  boson.  However,  CERN 
has  encountered  some  technical  difficulties  in  building  the 
ring,  and  it  may  not  be  able  to  attain  the  desired  luminosity. 
If  sufficient  luminosity  is  not  attained,  the  particle  might 
not  be  detected. 

Fermilab  has  plans  to  build  a  1,000-GeV  x  1,000-GeV 
proton-antiproton  colliding  beam  ring.  Its  design  has  some 
advantages  to  that  of  CERN's  ring  and  laboratory  officials 
are  optimistic  that  it  would  have  sufficient  energies  and 
luminosity  to  be  capable  of  discovering  the  particle,  if  it 
is  not  already  discovered  by  CERN's  ring.  However,  construc¬ 
tion  funds,  requested  for  fiscal  year  1981,  have  not  yet  been 
authorized  for  the  project.  If  funds  are  provided,  Fermilab 
believes  it  could  be  completed  in  fiscal  year  1983. 

High  energy  physicists  are  anxious  to  achieve  electron- 
positron  collisions  at  energies  around  100  GeV  (50-GeV  x  50- 
GeV)  as  soon  as  possible.  Current  physics  theories  predict 
that  the  neutral  intermediate  vector  boson  has  a  mass  near 
90  GeV.  Present  physics  knowledge  indicates  that  electron- 
positron  collisions  will  provide  the  best  type  of  interactions 
for  studying  in  detail  the  merging  of  the  weak  and  electro¬ 
magnetic  interactions.  Thus,  it  may  be  possible  to  discover 
the  intermediate  vector  boson  through  electron-positron 


1/The  expression  "28-GeV  x  28-GeV"  signifies  the  collision  of 
“  of  two  28-GeV  particle  beams,  resulting  in  an  energy  level 
of  56  GeV  at  the  point  where  the  two  beams  collide. 


2/Luminosity  is  proportional  to  the  rate  at  which  particles 
”  collide  in  a  colliding  beam. 
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collisions  if  it  is  not  previously  found  through  proton- 
proton  or  proton-antiproton  collisions.  Or,  if  it  is  previ¬ 
ously  found,  such  collisions  would  be  useful  for  studying  its 
characteristics.  The  problem,  however,  is  that  an  electron- 
positron  colliding  beam  accelerator  of  sufficient  energies  and 
luminosity  does  not  exist. 

CERN  has  plans  to  build  a  large  electron-positron  accel¬ 
erator  which  is  to  be  built  in  phases  at  a  cost  of  about  $1 
billion  and  provide  energies  of  up  to  130  GeV  per  beam.  Funds 
have  not  yet  been  authorized,  but  CERN  expects  the  first  phase 
of  the  ring  to  be  built  and  operating  in  the  mid-1980s  (possi¬ 
bly  1986).  If  CERN  does  not  proceed  with  the  project.  West 
Germany  expects  to  build  it  or  a  similar  accelerator. 

Stanford  has  proposed  to  build  an  accelerator,  called 
the  Single  Pass  Collider,  estimated  to  cost  about  $60  million, 
which  would  provide  electron-positron  collisions  of  up  to  50- 
GeV  x  50-GeV  from  its  linear  accelerator.  If  they  are  able 
to  obtain  funding  and  start  construction  in  fiscal  year  1982, 
Stanford  officials  believe  they  can  start  operations  in  Octo¬ 
ber  1984.  CERN's  planned  machine  would  have  10  times  the 
luminosity  and  be  better  suited  to  study  the  characteristics 
of  the  intermediate  vector  boson.  However,  Stanford's  pro¬ 
posed  collider  could  begin  to  operate  1  year  or  more  ahead  of 
CERN's  machine  and  present  another  opportunity  to  discover 
the  intermediate  vector  boson  with  a  U.S.  machine. 

Some  U.S.  and  European  physicists  and  science  policy  ex¬ 
perts  told  us  that  to  carry  out  the  most  significant  physics 
such  as  the  discovery  of  the  intermediate  vector  boson,  phys¬ 
icists  require  access  to  the  higher  energy,  sophisticated  ac¬ 
celerators.  In  this  regard,  some  U.S.  science  policy  experts 
told  us  that  "leadership"  should  be  sought  using  the  latest 
frontier  techniques,  accelerators,  and  equipment  because  to 
be  content  with  less  would  undermine  the  morale  and  drive  of 
U.S.  scientists  and  risk  falling  further  behind.  For  example, 
a  former  laboratory  director  told  us  that  the  U.S.  style  has 
been  to  "push  the  accelerators  to  the  limit"  and  that  this  is 
one  of  the  reasons  for  the  program's  success. 

Without  U.S.  frontier  accelerators,  a  temporary  transfer 
of  top  physicists  to  other  countries  may  allow  U.S.  physicists 
to  be  actively  involved  in  significant  physics  discoveries. 
However,  carrying  out  experiments  overseas  tends  to  preclude 
U.S.  students  and  post  doctoral  personnel  from  participating 
in  those  discoveries.  The  U.S.  physics  community  is  concerned 
that  researchers  and  young  people  will  be  missing  out  on  the 
excitement  of  being  involved  in  making  significant  discover¬ 
ies  and  may  seek  careers  in  other  fields.  Furthermore,  they 
are  concerned  that  the  intellectual  stimulation  and 
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excitement,  which  accompanies  teaching  by  individuals  who  have 
been  leaders  in  making  new  discoveries,  will  be  diminished. 

U.S.  POSITION  OF  LEADERSHIP 
IS  BEING  CHALLENGED 


As  our  discussion  of  the  importance  of  leadership  and 
the  funding  indicates,  Western  Europe  is  challenging  the  U.S. 
lead  in  the  field.  Western  Europe  is  developing  new  acceler¬ 
ators,  and  many  members  of  the  physics  community  are  concerned 
that  the  U.S.  funding  level  is  insufficient  to  withstand  the 
Western  European  challenge. 

With  respect  to  existing  accelerator  capabilities,  the 
United  States  appears  to  be  second  to  Western  Europe.  The 
accelerators  can  be  classified  into  groups  based  on  their 
types  and  the  particles  accelerated.  Comparing  the  larger 
worldwide  accelerators  within  each  type  indicates  the  current 
competition  for  leadership  in  high  energy  physics  is  prin¬ 
cipally  between  the  United  States  and  Western  Europe  as  in¬ 
dicated  below. 

— Proton  synchrotron.  Fermilab  and  Western  Europe's 
CERN  each  have  400-GeV  proton  synchrotrons .  These 
accelerators  started  operations  in  1972  and  1976, 
respectively,  and  have  current  energy  capabilities 
about  six  times  higher  than  other  accelerators  of 
this  type.  A  photograph  of  Fermilab  is  on  the  fol¬ 
lowing  page.  CERN's  accelerator  is  comparable  to 
Fermilab' s,  but  its  operations  are  better  funded. 

The  Soviet  Union  has  been  operating  a  76-GeV  proton 
synchrotron  since  1967  .  Fermilab  is  modifying  the 
present  accelerator  by  means  of  the  Energy  Saver 
superconducting  magnet  ring  to  achieve  energies  of 
up  to  500  GeV.  Fermilab  plans  to  ultimately  achieve 
energies  of  up  to  1  trillion  electron  volts  (TeV), 
but  the  additional  modifications  have  not  yet  been 
authorized.  The  Soviet  Union  recently  approved 
plans  for  a  3-TeV  accelerator  which  is  to  be  com¬ 
pleted  in  about  1988. 

— Electron  synchrotron.  While  electron  synchrotrons 
still  operate,  current  technology  limits  the  maximum 
energy  range  that  can  be  achieved.  During  the  per¬ 
iod  March  1968  to  October  1977,  the  United  States 
had  the  highest  energy  accelerator  of  this  type — 
the  Cornell  Electron  Synchrotron.  This  accelerator 
was  operating  at  12  GeV  when  it  was  shut  down  for 
conversion  to  the  Cornell  Electron  Storage  Ring. 

West  Germany  and  the  Soviet  Union  still  operate 
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electron  synchrotrons  with  energies  of  7.5  and  7  GeV, 
respectively . 

-Electron  linear  accelerators.  The  United  States  has 
the  highest  energy  accelerator  of  this  type.  In 
1966,  Stanford  started  operating  its  linear  accel¬ 
erator,  which  now  achieves  energies  of  30  GeV.  This 
is  about  15  times  higher  than  the  energies  of  the 
linear  accelerators  in  France  and  the  Soviet  Union. 

-Proton-proton  rings.  Europe,  with  CERN's  28-GeV 
x  20-GeV  Intersecting  Storage  Ring,  built  in  1971, 
has  the  only  proton-proton  colliding  beam  acceler¬ 
ator  in  the  world.  The  United  States  is  building 
Isabelle,  scheduled  to  be  operational  in  1986,  which 
will  have  400-GeV  rings. 

-Electron-positron  rings.  The  United  States  and  West 
Germany  have  been  competing  with  this  type  of  accel¬ 
erator  for  some  time.  Stanford's  Positron  Electron 
Asymmetric  Ring,  built  in  1972,  can  achieve  energies 
of  up  to  4.2-GeV  x  4.2-GeV.  In  1974,  West  Germany 
began  operating  a  similar  accelerator  at  5-GeV  x  5- 
GEV.  In  1978,  West  Germany  clearly  took  the  lead 
with  an  accelerator  called  Petra,  which  provides  en¬ 
ergies  of  up  to  19-GeV  x  19-GeV.  The  United  States 
with  Stanford's  Positron  Electron  Project,  which  pro¬ 
vides  energies  of  up  to  18-GeV  x  18-GeV  and  began 
operating  in  1980,  is  seeking  to  catch  up.  (See  pho¬ 
tograph  on  the  following  page.)  The  United  States 
also  has  built  an  8-GeV  x  8-GeV  accelerator  of  this 
type  at  Cornell,  and  the  Soviet  Union  a  7-GeV  x  7-GEV 
accelerator  at  Novosibirsk.  Other  existing  electron- 
positron  rings  are  relatively  small.  Western  Europe 
would  clearly  dominate  the  area  of  electron-positron 
accelerators  if  it  builds  a  proposed  large  electron 
positron  accelerator  at  CERN,  which  may  provide  ener¬ 
gies  of  up  to  130  GeV  per  beam.  West  Germany  also 
plans  to  complete  30-GeV  x  30-GeV  rings  by  late  1986. 

-Proton-antiproton  rings.  No  such  rings  are  currently 
operating.  CERN  is  constructing  270-GeV  x  270-GeV 
proton-antiproton  colliding  beam  rings,  scheduled  to 
begin  operating  in  1981.  While  Fermilab  plans  to  build 
similar  higher  energy  rings,  construction  funds  for 
the  project  have  not  yet  been  authorized,  and  CERN  is 
likely  to  have  the  world  lead  on  this  type  of  accel¬ 
erator  . 

-Linear  electron-positron  colliding  beams.  No  such  ac- 
celerator  is  currently  operating  or  un3er  construction. 
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PHOTO  COURT  ESY  OF  STANFORD  LINEAR  ACCELERATOR  CENTER 


STANFORD  LINEAR  ACCELERATOR  CENTER  WITH  THE  POSITRON  ELECTRON 
PROJECT  RING  LOCATION  SHOWN. 
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Stanford  has  proposed  to  build  the  Single  Pass  Col¬ 
lider,  which  will  have  two  beams  (one  electron  and  one 
positron)  from  its  linear  accelerator  collide  at  ener¬ 
gies  of  up  to  50-GeV  x  50-GeV.  This  accelerator  would 
also  have  the  capability  to  be  upgraded  to  about  70- 
GeV  x  70-GeV,  if  the  physics  dictates. 

— Electron-proton  rings.  No  such  accelerator  is  oper¬ 
ating  or  under  construction.  West  Germany  has  proposed 
that  an  accelerator,  colliding  30-GeV  electrons  with 
820-GeV  protons,  be  built  at  Hamburg,  possibly  to  be¬ 
gin  operations  in  late  1988.  A  U.S.  group  at  Columbia 
University  is  developing  a  proposal  to  build  a  similar 
accelerator,  possibly  at  an  existing  laboratory  such 
as  Fermilab  or  Brookhaven,  but  the  location  has  not  yet 
been  selected.  A  Canadian  group  is  developing  a  pro¬ 
posal  to  build  an  electron  ring  to  collide  with  Fermi- 
lab's  proton  ring. 

U.S.  and  Western  European  physics  officials  told  us 
that  future  frontier  high  energy  physics  research  is  expected 
to  be  carried  out  on  proton  synchrotrons,  proton-proton  rings, 
electron-positron  rings,  and  proton-antiproton  rings — not  nec¬ 
essarily  in  this  order  of  priority.  As  indicated  above,  West¬ 
ern  Europe  appears  to  have  the  world  lead  in  each  of  these 
categories.  However,  when  Isabelle  is  completed,  the  United 
States  should  have  the  world  leader  proton-proton  rings. 

The  United  States  may  also  lead  the  world  in  proton  syn¬ 
chrotrons  and  proton-antiproton  rings  if  Fermilab1 s  proposed 
projects  are  built — until  the  Soviet  Union  builds  its  3-TeV 
accelerator.  Maintaining  a  U.S.  leadership  position  with 
such  accelerators  would  depend  on  whether  the  significant 
physics  discoveries  are  ultimately  made  on  these  or  other 
types  of  accelerators. 

Many  members  of  the  U.S.  physics  community  believe  that 
the  existing  and  planned  accelerators  will  provide  the  tools 
needed  to  withstand  the  present  European  challenge,  but  they 
are  concerned  that  fund  limitations  will  preclude  them  from 
successfully  exploiting  the  new  accelerators  and  from  carry¬ 
ing  out  the  R&D  needed  for  future  higher  energy  accelerators. 
They  point  out  that  the  Positron  Electron  Project,  Isabelle, 
the  antiproton-proton  ring,  and  the  1-TeV  proton  synchrotron 
may  provide  the  accelerators  needed  to  carry  out  the  physics. 
However,  rising  operating  and  construction  costs  have  forced 
difficult  choices  of  priority,  and  adequate  support  has  not 
been  devoted  to  some  aspects  of  the  program.  These  physicists 
noted  that  fund  limitations  have  resulted  in  experiments  us¬ 
ing  less  than  optimal  detectors,  experiments  being  stretched 
out  over  time,  a  low  utilization  of  existing  accelerators, 
and  insufficient  R&D  for  the  technology  needed  for  future 
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accelerators.  They  cautioned  that  Western  Europe,  with 
greater  funding,  can  better  exploit  its  accelerators  and  may 
make  the  significant  physics  discoveries  and  assume  leader¬ 
ship  of  the  f  ield  . 

In  this  regard,  in  December  1979,  a  prominent  Nobel 
laureate  in  physics  told  the  Subcommittees  on  Energy  Research 
and  Production  and  on  Science  Research  and  Technology,  House 
Committee  on  Science  and  Technology  that  in  1979  much  of  the 
new  and  most  exciting  results  of  particle  physics  came  from 
Europe.  He  attributed  this  to  the  problem  of  the  funding  not 
matching  the  U.S.  program's  goals  to  be  competitive. 

During  visits  to  U.S.  and  Western  European  accelerator 
facilities,  we  noted  that  both  the  U.S.  and  Western  European 
physics  communities  were  seeking  to  make  the  significant  phys 
ics  discoveries.  Although  Western  European  national  programs 
are  viewed  as  being  complementary  to  the  collaborative  CERN 
program  with  respect  to  accelerators,  we  noted  that  competi¬ 
tion  also  appeared  to  exist  among  the  Western  European  coun¬ 
tries  with  respect  to  making  the  physics  discoveries. 

While  U.S.  and  European  officials  told  us  that  high  ener 
gy  physics  may  eventually  evolve  into  an  international  mode, 
they  believed  this  would  only  happen  when  one  nation  or  re¬ 
gional  group  of  nations  could  no  longer  afford  an  accelerator 
in  each  of  the  technological  frontiers.  They  explained  that 
to  date,  the  United  States  and  Europe  have  often  duplicated 
each  other's  machines,  but  the  high  costs  of  future  acceler¬ 
ators  may  make  it  prohibitive  to  continue  to  do  so.  In  this 
regard,  current  discussions  on  jointly  funded  interregional 
accelerators  center  on  those  costing  in  the  range  of  $10  bil- 
jl  ion . 
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CHAPTER  3 


FEDERAL  ROLE  IN  HIGH  ENERGY  PHYSICS 
IN  THE  CONTEXT  OF  ALL  BASIC  SCIENCES 


The  Federal  Government  provides  nearly  all  of  the  fund¬ 
ing  for  the  U.S.  high  energy  physics  efforts.  This  is  in 
line  with  the  overall  Federal  role  of  supporting  basic  re¬ 
search  and  graduate  education.  OSTP  has  oversight  respon¬ 
sibility  over  all  federally-funded  basic  science  and  works 
with  OMB  in  developing  basic  science  budgets.  The  Foundation 
is  the  principal  Federal  agency  for  the  support  of  basic 
research  across  all  fields  of  science  and  science  education. 

In  fiscal  year  1980,  the  Foundation  is  providing  about  $23 
million,  or  about  8  percent  of  the  nearly  $350  million  of 
Federal  support  for  high  energy  physics.  DOE  has  primary 
responsibility  for  implementing  a  sound  national  high  energy 
physics  program  and  is  supporting  the  program  with  about  $325 
million  in  fiscal  year  1980. 

The  appropriate  level  of  Federal  support,  however,  is  not 
clear.  The  United  States  is  seeking  to  maintain  its  lead  in 
high  energy  physics,  but  the  U.S.  program's  relative  position 
has  been  declining.  The  physics  community  is  concerned  that 
the  U.S.  position  of  leadership  in  the  field  will  be  lost  to 
Western  Europe  and  believes  additional  funds  are  needed.  How¬ 
ever,  in  determining  DOE'S  existing  funding  level,  little  con¬ 
sideration  appears  to  have  been  given  to  the  needs  and  rela¬ 
tive  priorities  of  other  basic  sciences.  In  our  opinion,  the 
current  objective  of  maintaining  ?  leadership  position  with 
accelerator  capabilities  in  each  of  the  frontier  physics' 
technologies  needs  to  be  reevaluated  in  light  of  the  costs  of 
achieving  that  objective  and  the  relative  priority  of  the  pro¬ 
gram  with  other  basic  sciences. 

FUNDING  IN  THE  CONTEXT  OF  FEDERAL 
SUPPORT  OF  BASIC  RESEARCH 

The  Federal  Government  supports  about  two-thirds  of  the 
Nation's  basic  research  effort,  that  is,  the  search  for  new 
knowledge  and  understanding  of  fundamental  natural  phenomena 
and  processes.  Universities,  other  nonprofit  organizations, 
and  a  number  of  industrial  firms  also  support  basic  research. 
But  from  a  national  point  of  view,  as  a  whole  they  tend  to 
underinvest  in  such  research  either  because  their  resources 
are  limited  (as  in  the  case  of  universities  or  nonprofit  or¬ 
ganizations)  or  because  the  results  do  not  lead  in  the  near- 
term  to  the  development  of  patentable  and  marketable  new 
processes  and  products  (as  in  the  case  of  private  industry). 
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In  the  1950s  and  1960s,  Federal  funding  of  basic  re¬ 
search  was  large,  relative  to  the  available  scientific  re¬ 
sources.  However,  in  the  early  1970s,  Federal  funding  leveled 
off  while  the  scientific  establishment  continued  to  grow.  in 
addition,  national  priorities  shifted  toward  seeking  solutions 
to  national  problems  such  as  social  and  energy  problems.  As 
a  result,  Federal  funding  of  basic  research  in  fields,  such 
as  high  energy  physics,  which  principally  seek  knowledge,  has 
been  marginal  for  carrying  out  the  program  goals  in  those 
fields. 

In  the  fiscal  year  1981  budget  message  and  the  1980 
State  of  the  Union  message,  the  President  made  clear  that  the 
administration  was  again  giving  basic  research  special  con¬ 
sideration,  and  this  was  reflected  in  the  budget  request.  As 
in  recent  years,  emphasis  has  been  given  to  the  potential  of 
basic  research  for  breakthroughs  to  the  solution  of  critical 
problems.  However,  in  fiscal  year  1981,  special  emphasis  is 
also  being  given  to  strengthening  basic  research  in  the  phys¬ 
ical  sciences  and  engineering,  which  have  not  fully  shared  in 
the  recent  increases  in  Federal  support  of  basic  research.  As 
a  result,  the  basic  research  funding  in  the  President's  fis¬ 
cal  year  1981  budget  request  is  about  $5.1  billion,  or  a  12- 
percent  increase  over  1980  in  current  dollars  and,  using  OMB's 
inflation  factor  of  9  percent,  an  estimated  3-percent  increase 
in  constant  dollars.  1/ 

The  Federal  funding  of  basic  research  by  major  science 
fields,  including  breakouts  for  high  energy  and  other  physics 
fields  for  fiscal  years  1967  to  1981,  is  graphically  presented 
on  the  following  page.  The  graph  indicates  that  in  the  1970s, 
Federal  support  of  other  basic  sciences,  such  as  those  for 
environmental  and  life  sciences,  grew  significantly  compared 
to  that  for  high  energy  physics.  Thus,  high  energy  physics 
now  has  a  smaller  proportion  of  the  total  Federal  basic  re¬ 
search  funding.  In  this  regard,  high  energy  physics'  portion 
of  the  Federal  basic  research  funding  has  decreased  from  a 
peak  of  about  13  percent  in  fiscal  year  1970  to  about  8  per¬ 
cent  in  fiscal  year  1980. 

On  pages  32  and  33,  we  graphically  isolate  the  trends 
for  Federal  funding  of  basic  research  and  high  energy  physics 
from  fiscal  years  1967  to  1981  in  current  year  and  constant 
1972  dollars.  A  comparison  of  the  two  graphs  shows  that  both 


1/The  term  "current  dollars"  refers  to  the  value  of  the  dol- 
lars  in  the  year  the  expenditures  occur.  The  term  "constant 
dollars"  refers  to  the  value  of  the  dollars  in  relation  to 
the  value  in  a  specific  year. 
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FEDERAL  FUNDING  FOR  HIGH  ENERGY  PHYSICS,  ALL  PHYSICS,  AND 
TOTAL  BASIC  RESEARCH  -  FISCAL  YEARS  1967  TO  1981  (EST.) 
(CURRENT  YEAR  DOLLARS) 


1968  1970  1972  1974  1976  1978  1980 

FISCAL  YEAR 


1 1NCLUDES  AMOUNTS  FOR  PSYCHOLOGY,  SOCIAL  SCIENCES,  AND  MULTIDISCIPLINARY  AND  INTERDIS¬ 
CIPLINARY  PROJECTS  THAT  CANNOT  BE  CLASSIFIED  INTO  ONE  OF  THE  BROAD  SCIENCE  FIELDS. 

SOURCE:  "SCIENCE  INDICATORS  -  1978,"  NATIONAL  SCIENCE  BOARD,  1979,  AS  UPDATED  BY  GAO  USING 
"FEDERAL  FUNDS  FOR  RESEARCH  AND  DEVELOPMENT,  FISCAL  YEARS  1978, 1979,  AND  1980." 
(NSF  79-318),  NATIONAL  SCIENCE  FOUNDATION. 
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FEDERAL  FUNDING  FOR  BASIC  RESEARCH 
IN  CURRENT  YEAR  AND  CONSTANT  1972  DOLLARS 
FISCAL  YEARS  1967  TO  1981  (EST.) 


1968  1970  1972  1974  1976  1978  1980 

FISCAL  YEAR 

"SCIENCE  INDICATORS  -  1978,"  NATIONAL  SCIENCE  BOARD.  1979,  AS  UPDATED  BY  QAO  USING 
"FEDERAL  FUNDS  FOR  RESEARCH  AND  DEVELOPMENT,  FISCAL  YEARS  1978, 1979,  AND  1980." 
(NSF  79-313),  NATIONAL  SCIENCE  FOUNDATION,  AND  GNP  IMPLICIT  PRICE  DEFLATORS. 
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FEDERAL  FUNDING  FOR  HIGH  ENERGY  PHYSICS  IN 
CURRENT  YEAR  AND  CONSTANT  1972  DOLLARS 
FISCAL  YEARS  1967  TO  1981  (EST.) 
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SOURCE:  DOE  AND  QNP  IMPLICIT  PRICE  DEFLATORS. 
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high  energy  physics  and  total  basic  research  funding  has  in¬ 
creased  in  recent  years  in  current  year  dollars,  but  has 
leveled  off  since  fiscal  year  1978  in  constant  dollars. 

The  major  difference  in  the  trends  occurred  in  the  mid- 
1970s.  High  energy  physics  funding  decreased  in  both  current 
and  constant  year  dollars,  while  basic  research  funding  in¬ 
creased  in  current  year  dollars  and  decreased  slightly  in 
constant  dollars.  Hence,  the  recent  constant  dollar  level¬ 
ing  of  Federal  basic  research  funding  would  seem  to  indicate 
a  greater  impact  on  high  energy  physics  than  basic  research 
in  general.  In  constant  dollars,  high  energy  physics  fund¬ 
ing  has  leveled  off  below  its  funding  in  the  1960s  and  early 
1970s,  while  Federal  basic  research  funding  has  leveled  off 
at  or  near  its  peak  funding. 

FEDERAL  APPROACH  TO  BASIC 
RESEARCH 

The  overall  Federal  approach  to  basic  research  has  been 
characterized  by  the  Director,  OSTP ,  as  a  highly  decentralized 
and  pluralistic  activity.  The  Government  has  not  centralized 
science  and  technology  into  a  single  department;  instead,  it 
is  found  throughout  the  mission  agencies.  Science  and  tech¬ 
nology  efforts  are  not  consolidated  into  a  single  or  even  a 
few  budget  accounts,  but  are  integral  components  of  the  many 
mission  activities  of  the  Government.  As  a  result,  the  execu¬ 
tive  branch  and  the  Congress  are  limited  in  their  capability 
to  deal  comprehensively  with  science  and  technology  issues 
during  their  budget  review  and  oversight  efforts. 

To  complicate  matters,  established  criteria  for  estab¬ 
lishing  funding  priorities  for  basic  science  does  not  exist. 
The  following  excerpt  from  a  1970  report  by  the  National 
Science  Board  to  the  Congress  provides  some  insight  into  how 
such  priorities  are  determined  in  the  absence  of  a  formalized 
analytical  mechanism. 

"The  fact  that  much  of  science  does  not  use  a 
highly  visible,  centralized,  priority-setting  mech¬ 
anism  does  not  mean  that  other  mechanisms  do  not 
exist.  Actually,  science  uses  a  multiplicity  of 
such  mechanisms.  One  priority-setting  mechanism 
operates  when  a  scientist  determines  the  problem 
on  which  he  works  and  how  he  attacks  it  within  the 
resources  available.  This  determination  is  made 
taking  into  account  other  similar  and  related  work 
throughout  the  world.  Another  mechanism  operates 
as  proposals  of  competing  groups  of  scientists  are 
evaluated  and  funded  on  the  basis  of  systematic 
refereeing  and  advice  of  peer  groups.  Still" 


"another  mechanism  operates  as  aggregate  budgets 
for  various  fields  of  science  are  influenced  by  the 
number  and  quality  of  research  proposals  received 
in  that  field.  Like  any  market  mechanism  this 
system  is  not  perfect  and  requires  regulation  and 
inputs  from  outside  the  system  itself.  Such  in¬ 
puts  come  from  the  mission-oriented  agencies  which 
balance  their  needs  for  new  knowledge  against  their 
operating  needs  and  from  a  whole  host  of  outside 
judgments  implicit  in  the  budgetary  and  appropri¬ 
ation  process.  Trouble  occurs  either  when  these 
external  judgments  are  completely  substituted  for 
the  priority  setting  of  the  scientific  community 
or  when  the  priority  setting  of  the  scientific 
community  becomes  too  autonomous." 

Despite  the  difficulty  of  establishing  criteria  for  de¬ 
termining  priorities  among  the  fields  of  science,  some  offi¬ 
cials  of  the  Executive  Office  of  the  President  and  Members  of 
Congress  believe  that  improvements  can  be  made  to  the  approach 
for  planning  and  budgeting  for  R&D.  Increased  attention  is 
being  paid  by  the  Congress,  executive  agencies,  and  interested 
non-Government  organizations  in  attempts  to  improve  Federal 
decisionmaking  processes  affecting  science  and  technology  re¬ 
sources.  Improving  those  processes  will  presumably  result  in 
enhanced  development  of  science  and  technology  resources  and 
more  effective  application  of  those  resources  to  national 
needs . 

Attempts  to  improve  the  Federal  role  in  developing  and 
applying  science  and  technology  resources  have  been  in  a 
variety  of  forms.  Better  criteria  for  allocating  resources 
are  receiving  attention.  Improved  output  measures  and  science 
indicators  are  under  study  and  development.  The  Federal  or¬ 
ganizational  structure  for  science  and  technology  (such  as 
OS TP,  the  Foundation,  and  Federal  laboratories)  is  constantly 
being  reassessed.  The  education,  training,  and  utilization 
of  scientists  and  engineers  receive  continuing  attention. 

We  previously  reported  on  the  potential  for  improving 
the  Federal  approach  for  planning  and  budgeting  for  R&D.  1/ 
The  traditional  Federal  budgeting  approach  focuses  on  how 
funds  are  to  be  spent.  In  our  previous  report,  we  discussed 
mission  budgeting,  which  initially  focuses  on  what  the  money 
is  for  and  why  it  is  needed,  and  then  how  the  money  is  to  be 
spent.  While  progress  had  been  made  toward  focusing  on  end 


l/"Mission  Budgeting:  Discussion  and  Illustration  of  the 
*"  Concept  in  Research  and  Development  Programs"  ( PSAD-77-124 , 
July  27,  1977). 
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purposes,  we  noted  that  in  many  situations  attention  was  still 
focused  on  the  means.  We  concluded  that  mission  budgeting 
appeared  to  be  one  way  of  overcoming  the  problem.  To  facil¬ 
itate  cross-agency  comparisons,  in  another  report,  we  recom¬ 
mended  a  unified  presentation  of  all  Federal  R&D  funding 
which  would  indicate  the  amount  of  Federal  funds  each  agency 
commits  to  specific  national  objectives.  1/  OMB' s  develop¬ 
ment  of  the  financial  classification  of  tEe  budget  has  eased 
the  problems  somewhat,  but  difficulty  still  remains. 

The  Congress  and  the  executive  agencies  have  since  con¬ 
tinued  their  efforts  to  improve  the  planning  and  budgeting 
approach  for  R&D.  In  April  1979,  the  House  Committee  on  Sci¬ 
ence  and  Technology  held  oversight  hearings  on  R&D  in  the 
Federal  budget  and  related  policy  issues.  The  principal  ob¬ 
jective  of  those  hearings  was  to  obtain  a  better  understand¬ 
ing  of  the  R&D  budget.  This  was  the  Committee's  first  attempt 
“to  learn  how  it  [the  R&D  budget]  is  fashioned,  managed,  mon¬ 
itored,  and  evaluated,"  rather  than  investigating  the  merits 
or  demerits  of  specific  R&D  programs  or  projects.  Discussions 
during  those  hearings  indicated  that  planning  and  priority¬ 
setting  decisions  are  primarily  the  responsibility  of  the  var¬ 
ious  agencies.  The  various  priorities  set  by  those  agencies 
are  reviewed  and  assessed  by  OMB  and  OSTP  during  the  budget 
process . 

OMB  and  OSTP  have  been  working  to  improve  the  planning 
and  budgeting  for  R&D.  For  example,  OMB  and  OSTP  are  now 
moving  toward  longer  range  planning.  According  to  an  OMB 
official,  this  has  been  largely  limited  to  2  years  beyond 
the  budget  year  and  is  chiefly  an  extrapolation  of  the  budget 
impact  of  current  policies  and  program  objectives.  He  noted 
that  the  technique  for  developing  long-term  goals  and  objec¬ 
tives  is  not  yet  highly  developed  or  widespread  and  precise 
budget  numbers  cannot  be  assigned  to  such  goals  and  objec¬ 
tives  across  the  Government. 

We  have  an  ongoing  study  that  is  attempting  to  develop 
a  better  understanding  of  the  R&D  planning  and  decision¬ 
making  process  in  the  Federal  Government.  The  specific  ob¬ 
jective  of  the  ongoing  study  is  to  provide  the  Congress  with 
more  comprehensive  “before-the-fact"  information  and  anal¬ 
yses  on  the  R&D  budget  process. 


l/"Need  for  a  Government-wide  Budget  Classification  Structure 
for  Federal  Research  and  Development  Information"  (PAD-77- 
14,  March  3,  1977)  . 
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While  a  comprehensive  examination  of  such  issues  was 
beyond  the  scope  of  this  review,  it  appears  that  the  Congress 
and  the  Executive  Offices  need  greater  involvement  in  the 
planning  and  decisionmaking  processes  for  R&D.  In  light  of 
this  apparent  need,  we  examined  the  Federal  role  in  the  high 
energy  physics  program. 

FEDERAL  ROLE  IN  HIGH 
ENERGY  PHYSICS 


The  Federal  Government  provides  nearly  all  of  the  fund¬ 
ing  support  for  the  U.S.  high  energy  physics  program.  Such  a 
role  seems  appropriate  because  the  benefits  of  the  research 
are  primarily  of  a  long-term,  unpredictable  nature,  and  private 
sponsors  are  unlikely  to  be  able  to  realize  the  full  benefits. 
In  establishing  funding  levels  for  DOE's  support  of  the  pro¬ 
gram,  however,  inadequate  consideration  appears  to  have  been 
given  to  the  amounts  needed  to  carry  out  program  goals  and 
its  relative  priority  with  other  basic  sciences. 

The  levels  of  Federal  funding  of  the  program  have  been 
largely  established  on  a  piecemeal  basis.  Congressional  and 
the  Executive  Offices'  review  and  oversight  have  traditionally 
focused  on  specific  efforts  highlighted  in  annual  budget  re¬ 
quests,  such  as  high-cost  construction  projects.  As  a  result, 
important  but  costly  construction  projects  were  often  deleted 
during  the  budget  review  processes. 

Principally  to  overcome  the  tendency  to  delete  high  cost 
items  such  as  construction  projects  and  to  provide  continued 
leadership  and  a  stable  level  of  funding  on  which  the  program 
can  develop  plans,  OMB  and  DOE  agreed  to  fund  DOE's  portion 
of  the  program  (about  92  percent  of  the  U.S.  program)  at  about 
$300  million  in  1979  dollars.  While  this  has  provided  fund¬ 
ing  stability,  visible  long-range  plans  for  accomplishing  the 
various  specific  program  goals  within  this  level  of  funding 
have  not  yet  been  formally  developed.  Furthermore,  though  the 
tendency  to  delete  high-cost  items  has  decreased,  congress¬ 
ional  and  Executive  Office  review  and  oversight  has  continued 
to  primarily  focus  on  those  items. 

A  certain  amount  of  attention  to  such  items  seems  appro¬ 
priate  because  of  their  high  initial  costs,  the  subsequent 
costs  of  operating  and  exploiting  them,  and  the  need  to  mon¬ 
itor  the  progress  being  made.  However,  in  our  opinion  greater 
attention  needs  to  be  placed  on  the  merits  of  the  program's 
goals  and  on  providing  sufficient  funding  to  carry  out  the 
goals  deemed  appropriate. 
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Congressional  role 

As  with  any  federally  funded  program,  the  Congress  has 
review,  oversight,  and  legislative  responsibilities  over  the 
moneys  authorized  and  spent  in  support  of  high  energy  physics. 
In  the  past,  congressional  support  of  basic  research,  such  as 
high  energy  physics,  has  been  largely  based  on  the  past  suc¬ 
cesses  of  the  Nation's  scientific  endeavors  and  a  faith  that 
future  successes  and  benefits  will  be  derived  from  continued 
support.  Review  and  oversight  have  traditionally  focused 
on  specific  budgetary  items,  such  as  the  need  and  costs  of 
specific  projects  proposed  in  the  annual  budgets.  Hence,  its 
activities  have  principally  focused  on  "after-the-fact"  mat¬ 
ters  in  the  sense  that  planning  and  priority  setting  decisions 
have  essentially  been  made  by  the  time  funding  is  requested 
for  the  projects. 

The  Congress  has  long  sought  to  become  familiar  with  the 
research  objectives  and  the  guidelines  upon  which  major  de¬ 
cisions  in  high  energy  physics  are  based.  In  1965,  at  the 
request  of  the  former  Joint  Committee  on  Atomic  Energy,  U.S. 
Congress,  the  President  forwarded  a  report  prepared  by  the 
former  Atomic  Energy  Commission  ( AEC )  entitled  "High  Energy 
Physics  Program:  Report  on  National  Policy  and  Background 
Information."  Included  in  the  report  were  guidelines  to 
assist  the  Congress  and  the  Nation  by  providing  a  yardstick 
against  which  funds  requested  for  high  energy  physics  could 
be  measured.  The  10  planning  guides  are  listed  in  appendix 
III. 

With  respect  to  determining  the  level  of  support,  the 
AEC  reported: 

"The  level  and  character  of  support  for  high 
energy  physics  should  be  determined  and  period¬ 
ically  reassessed  in  the  context  of  the  overall 
national  science  program  (rather  than  in  relation 
to  the  applied  research  and  development  programs 
of  the  AEC)  ,  advances  and  promise  of  advances  in 
the  field  itself,  and  the  then  existing  fiscal 
situation  *  *  *." 

Our  literature  searches  and  discussions  with  various  offi¬ 
cials  associated  with  the  program  indicated  that  such  assess¬ 
ments  have  not  been  formally  made  in  the  context  of  an  overall 
national  science  program.  Hence,  while  such  assessments  may 
have  been  made  subjectively  on  an  informal  basis,  the  bases 
of  decisions  made  are  not  clearly  visible  to  the  Congress. 

Since  1975,  the  House  Committee  on  Science  and  Technology 
has  been  seeking  to  link  various  R&D  efforts  and  goals  by 
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obtaining  a  better  understanding  of  the  planning  and  priority- 
setting  processes.  With  respect  to  high  energy  physics,  this 
appears  to  be  a  difficult  task  not  only  because  of  the  techni¬ 
cal  complexities  of  the  field,  but  also  because  a  long-term 
plan  for  achieving  the  program's  goals  or  objectives  has  not 
been  formally  prepared  and  presented  to  the  Congress. 

Executive  Offices'  roles 


OMB  and  OSTP  are  the  two  principal  Presidential  level 
Executive  Offices  involved  in  high  energy  physics.  Their 
principal  involvement  is  during  the  budget  process,  but  OMB 
has  become  involved  in  long-term  planning  decisions. 

As  part  of  the  budget  process,  OMB  helps  establish  the 
President's  annual  budget  request,  including  amounts  for  high 
energy  physics.  OMB  has  had  a  significant  impact  on  high  en¬ 
ergy  physics  because  in  an  effort  to  stabilize  funding  sup¬ 
port,  OMB  and  DOE  agreed  to  a  $300-million  (plus  inflation) 
funding  level  for  fiscal  years  1979  to  1984.  According  to  the 
U.S.  physics  community,  this  represents  a  minimum  level  of 
funding  for  maintaining  a  viable  program,  and  additional  funds 
are  needed  to  provide  flexibility  to  respond  to  new  initia¬ 
tives.  OMB  officials  told  us,  however,  it  is  highly  unlikely 
that  additional  funds  beyond  those  for  inflation  would  be  pro¬ 
vided.  This  agreement  is  discussed  in  more  detail  later  in 
this  chapter. 

OSTP  provides  a  source  of  scientific  and  technological 
analyses  and  judgments  for  the  President  and  OMB  with  respect 
to  major  policies,  plans,  and  programs  of  the  Federal  Govern¬ 
ment.  OSTP  works  with  OMB  in  analyzing  annual  budget  submis¬ 
sions  of  the  various  departments  and  agencies,  and  by  under¬ 
taking  analyses  or  studies  of  specific  science  and  technology 
issues.  OSTP  has  not  analyzed  or  studied  the  U.S.  high  energy 
physics  program.  However,  OSTP  was  instrumental  in  helping 
set  the  current  U.S.  policy  to  support  all  basic  research  at 
a  real  growth  rate — a  level  of  about  $4.5  billion  in  fiscal 
year  1980. 

OMB  has  taken  steps  toward  obtaining  a  better  understand¬ 
ing  of  the  long-range  goals  and  needs  of  the  program.  In 
1975,  it  requested  the  former  Energy  Research  and  Development 
Administration  (ERDA)  to  prepare  a  long-term  strategy  for  the 
construction  and  operation  of  high  energy  physics  facilities. 

In  response  to  the  request,  in  October  1975,  ERDA  set 
forth  a  plan  entitled  "Long-Term  Strategy  for  Construction 
and  Operation  of  High  Energy  Physics  Facilities."  The  report 
outlined  construction  and  operating  priorities  and  plans  for 
10  years.  Although  three  other  funding  levels  were  also 
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considered,  the  report  set  forth  a  10-year  plan  assuming  that 
the  national  program,  also  including  the  Foundation,  would  be 
funded  at  an  average  annual  level  through  1985  of  about  $295 
million  in  1976  dollars — equivalent  to  about  $375  million  a 
year  in  1979  dollars.  The  principal  considerations  and  as¬ 
sumptions  included  (1)  the  increasing  interdependence  of  the 
research  done  with  different  types  of  particles  thereby  man¬ 
dates  a  three-pronged  approach  to  higher  energies  via  positron 
electron  colliding  beams,  proton-proton  colliding  beams,  and 
protons  colliding  with  fixed  targets;  (2)  scientific  redundan¬ 
cy,  which  is  important  for  verification  purposes,  would  be  pos 
sible  only  on  an  international  basis;  and  (3)  firm  funding 
constraints  would  remain  on  the  program. 

ERDA's  report  placed  high  priority  on  improving  accel¬ 
erator  utilization  to  the  70-  to  75-percent  level.  With  re¬ 
spect  to  construction,  improved  capabilities  at  three  DOE 
laboratories  (Stanford,  Brookhaven,  and  Fermilab)  were  rec¬ 
ognized  as  being  interdependent,  but  time  wise,  first  prior¬ 
ity  was  given  to  the  positron-electron  project  at  Stanford, 
followed  by  the  proton-proton  colliding  beam  at  Brookhaven. 

The  plan  gave  low  priority  to  the  proposed  construction  of 
the  Cornell  Electron  Storage  Ring. 

The  Foundation  disagreed  with  ERDA's  proposed  strategy. 

In  commenting  on  the  report  to  OMB,  the  Foundation  noted  that 
alternative  construction  approaches  were  not  adequately  con¬ 
sidered.  It  suggested  that  consideration  be  given  to  (1) 
alternative  sites  for  proposed  accelerators,  (2)  the  econom¬ 
ics  of  building  capabilities  at  additional  sites  (such  as 
Cornell),  and  (3)  whether  an  international  funding  approach 
could  better  accommodate  the  costs  of  constructing  the  pro¬ 
posed  facilities. 

While  OMB  did  not  follow  through  on  the  Foundation's 
criticism,  it  also  neither  approved  nor  disapproved  the  strat¬ 
egy.  OMB  gave  no  assurance  to  the  agencies  nor  the  physics 
community  that  the  proposed  strategy  would  be  funded.  This 
study  did,  however,  provide  OMB  officials  some  insight  into 
the  long-range  plans  and  goals  of  the  high  energy  physics 
community  and  was  one  of  the  major  inputs  in  establishing 
the  DOE/OMB  funding  agreement. 

DOE  role 


In  fiscal  year  1980,  DOE  is  providing  about  $325  million 
of  support  to  high  energy  physics.  According  to  DOE  officials 
DOE  has  responsibility  to  support  high  energy  physics  as  "the 
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executive  agent  for  a  national  trust."  1/  Within  DOE,  primary 
responsibility  for  managing  the  program  has  been  assigned  to 
DOE's  Office  of  High  Energy  and  Nuclear  Physics,  which  reports 
to  the  Director,  Office  of  Energy  Research. 

The  DOE  program  presently  includes  three  large  acceler¬ 
ator  centers,  each  with  different  types  of  accelerators  and 
management  approaches;  groups  of  experimentalists  at  7  DOE 
laboratories  and  52  universities;  and  groups  of  theorists 
located  at  7  DOE  laboratories  and  50  universities.  The  three 
large  centers  are  located  at:  Brookhaven  National  Laboratory, 
Fermi  National  Accelerator  Laboratory,  and  the  Stanford  Linear 
Accelerator  Center.  Most  of  the  advanced  technology  R&D  ef¬ 
forts  are  conducted  by  the  three  accelerator  centers,  Lawrence 
Berkeley  Laboratory,  end  Argonne  National  Laboratory. 

The  Office  of  High  Energy  and  Nuclear  Physics'  management 
responsibilities  include 

— planning  and  formulating  the  program,  proposing  and 
defending  budgets,  allocating  funds,  and  reviewing  and 
evaluating  performance; 

— determining  the  level  of  accelerator  operations; 

— determining  the  extent  and  direction  of  accelerator 
and  facility  R&D  efforts;  and 

— establishing  priorities  for  new  facility  construction. 

Nearly  all  high  energy  physics  research  is  carried  out 
under  contracts  with  universities  and  university  consortia, 
including  those  which  operate  the  laboratories.  DOE  primarily 
relies  on  its  field  offices  to  provide  fiscal  management  and 
control  over  these  and  other  contracts  made  for  the  program. 

While  DOE  staff  seek  to  maintain  ultimate  control  over 
the  program,  in  practice,  decisionmaking  regarding  detailed 
program  content  is  extensively  decentralized  and  very  active 
use  is  made  of  scientific  advisory  and  review  groups.  This 
management  approach  is  designed  to  bring  expertise  from 
throughout  the  Nation  to  bear  on  the  difficult  judgments 
relating  detailed  program  t  intent  to  overall  program  goals, 
while  simultaneously  nurturing  creativity. 


1/By  executive  agent,  DOE  views  itself  as  having  primary  re- 
~  sponsibility  for  implementing  a  sound  national  high  energy 
physics  program. 
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Most  notable  of  the  advisory  groups  is  DOE's  High  Energy 
Physics  Advisory  Panel.  This  Panel: 

— advises  on  the  status  of  the  field,  program  priorities 
and  changes  of  emphasis,  levels  of  operation,  and 
facility  needs; 

— identifies  planning  options;  and 

— assists  DOE  in  coordinating  its  efforts  with  the  Foun¬ 
dation. 

At  each  of  the  three  accelerator  centers,  program  advi¬ 
sory  committees  provide  advice  on  high  energy  physics  efforts 
at  the  respective  laboratories.  The  committees  are  primarily 
composed  of  physicists  who  are  generally  appointed  for  3-year 
terms  by  the  laboratory  directors,  except  at  Brookhaven  where 
the  Associate  Director  for  High  Energy  Physics  makes  the 
appointments.  The  committees'  principal  activities  include 

— reviewing  proposals  for  specific  experiments  in  detail 
and  recommending  those  experiments  to  be  carried  out, 

— providing  advice  on  accelerator  operations  schedules, 

— recommending  needed  accelerator  and  facility  modifi¬ 
cations  or  new  technologies,  and 

— serving  as  consultants  on  major  aspects  of  construc¬ 
tion  designs  and  advising  on  the  use  of  facilities. 

These  program  committees  are  also  able  to  help  coordinate 
efforts  at  the  laboratory  level  by  having  representatives  from 
other  laboratories  as  members  of  the  committees.  In  this  re¬ 
gard,  we  noted  that  a  representative  from  a  European  labora¬ 
tory  was  a  member  of  the  committee  at  Stanford. 

In  addition,  each  accelerator  laboratory  has  a  user  group 
organization  which  provides  an  organized  channel  for  inter¬ 
changing  information  between  laboratory  users  and  the  labora¬ 
tory  administration.  The  principal  activities  of  user  groups 
include  : 

— exchanging  ideas  on  research  plans,  opportunities,  and 
needs ; 

— identifying  problems  in  facility  use  and  suggesting 
solutions  to  those  problems; 

— advising  on  operational  procedures  and  identifying 
special  operational  requirements; 
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— identifying  needed  new  technologies;  and 

— helping  plan  new  facilities  and  advising  on  the  impacts 
of  tcade-offs  in  detailed  facility  designs. 

Foundation  role 

The  Foundation  is  the  principal  Federal  agency  for  the 
support  of  basic  research  across  all  fields  of  science  and 
science  education.  With  respect  to  high  energy  physics,  the 
Foundation  provides  about  8  percent  of  the  total  Federal  sup¬ 
port.  During  fiscal  year  1980,  the  Foundation  is  providing 
about  $23  million  of  support.  It  is  supporting  the  construc¬ 
tion  and  operation  of  the  Cornell  Electron  Storage  Ring  at 
the  Wilson  Synchrotron  Laboratory  and  providing  about  one- 
third  of  the  Federal  support  for  U.S.  university  groups'  per¬ 
forming  experiments  at  this  and  other  accelerator  facilities. 

The  Foundation  is  headed  by  a  Director  and  the  National 
Science  Board.  The  Board  is  the  Foundation's  policymaking 
body  and  consists  of  25  members,  including  the  Director.  The 
Foundation's  Division  of  Physics  within  the  Directorate  for 
Mathematical  and  Physical  Sciences  directs  its  high  energy 
physics  activities  under  a  program  called  "elementary  particle 
physics . " 

As  with  DOE,  the  Foundation  relies  heavily  on  advisory 
groups  to  help  with  detailed  programmatic  decisions.  The 
Foundation's  Advisory  Panel  for  Physics,  which  is  concerned 
with  all  physics  supported  by  the  Foundation's  Division  of 
Physics,  makes  periodic  reviews  of  the  elementary  particle 
physics  program's  activities.  In  addition,  specific  proposals 
initiated  by  researchers  and  submitted  to  the  Foundation  for 
funding  are  reviewed  and  evaluated  by  peer  reviews.  The  eval¬ 
uations,  along  with  consideration  of  other  relevant  informa¬ 
tion  such  as  recommendations  of  program  advisory  committees 
at  accelerator  laboratories,  form  the  basis  of  the  Founda¬ 
tion's  funding  decisions  with  respect  to  specific  proposals. 

A  program  advisory  committee  also  exists  for  experiments 
performed  at  the  Foundation-supported  laboratory  at  Cornell. 
This  committee  performs  essentially  the  same  activities  as 
the  counterpart  committees  at  DOE-suppor ted  laboratories.  We 
also  noted  that  Cornell's  committee  has  representatives  from 
other  laboratories,  including  one  from  Europe,  as  members. 

The  Foundation  does  not  have  a  funding  agreement  similar 
to  DOE’s.  Instead,  the  Foundation  attempts  to  establish  an 
appropriate  balance  of  its  support  to  high  energy  physics 
relative  to  its  support  of  other  science  fields.  During  its 
planning  and  budgeting  processes,  the  needs  of  high  energy 
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physics  are  first  weighed  against  other  physics  needs.  The 
needs  of  the  entire  field  of  physics  are  then  considered  in 
relation  to  those  of  chemistry,  mathematics,  materials  sci¬ 
ence,  and  computer  science  supported  by  the  Foundation. 

Finally,  the  physical  and  mathematical  sciences  are  balanced 
against  other  broad  science  fields  and  engineering.  In  addi¬ 
tion,  the  National  Science  Board  reviews  the  overall  balance 
in  its  planning  and  budgeting  activities  for  the  Foundation. 

In  regard  to  long-range  planning  for  high  energy  physics, 
the  Foundation  is  largely  dependent  on  DOE.  This  is  because  of 
its  relatively  small  program  and  because  Foundation-supported 
users  perform  most  of  their  experiments  at  DOE-suppor ted  lab¬ 
oratories.  Thus,  the  Foundation's  involvement  in  long-range 
planning  for  this  program  consists  primarily  of  program  staff 
interactions  with  DOE  staff  and  participation  in  DOE's  High 
Energy  Physics  Advisory  Panel  meetings. 

FUNDING  LEVELS  NEED  TO  BE 
ESTABLISHED  IN  THE  CONTEXT 
OF  ALL  BASIC  SCIENCES 

While  the  U.S.  high  energy  physics  community  believes 
additional  funding  is  needed,  whether  such  funding  is  warrant¬ 
ed  in  light  of  the  needs  of  other  basic  sciences  is  not  clear. 
Recent  U.S.  basic  science  policy  has  emphasized  efforts  which 
may  help  resolve  national  problems.  Since  high  energy  phys¬ 
ics  is  one  of  the  most  fundamental  of  the  basic  sciences,  its 
likelihood  of  making  substantial  contributions  toward  solv¬ 
ing  such  problems  is  a  relative  unknown.  DOE's  $300-million 
funding  level  was  established  largely  on  the  basis  of  factors 
internal  to  high  energy  physics.  On  the  other  hand,  as  pre¬ 
viously  noted,  the  Foundation  considers  other  basic  sciences 
when  funding  high  energy  physics. 

The  Foundation's  support  recently  has  been  decreasing, 
and  might  continue  decreasing  in  the  future,  because  some  of 
the  Foundation's  upper  level  management  officials  believe 
high  energy  physics  has  been  receiving  a  larger  proportion 
of  the  Foundation's  budget  than  warranted  and  are  emphasizing 
the  funding  of  other  basic  sciences  (but  not  with  respect  to 
other  physics) . 

Relative  importance  of  high 
energy  physics  with  other 
basic  science! 

The  relative  merits  of  basic  science  fields  cannot  be 
easily  quantified,  and  formal  criteria  for  establishing  scien¬ 
tific  priorities  does  not  exist.  In  the  absence  of  such  cri¬ 
teria,  decisions  on  scientific  priorities  are  based  on 
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scientific,  social,  political,  and  economic  judgments.  The 
recent  U.S.  policy  toward  basic  science  emphasizes  the  funding 
of  those  sciences  that  may  help  solve  national  problems.  In 
a  July  1978  memorandum,  the  Directors,  OMB  and  OSTP ,  jointly 
stated,  in  part,  that: 

"It  is  the  policy  of  this  Administration  to 
assure  effective  support  of  basic  or  long-term 
research,  particularly  to  provide  a  better 
basis  for  decisionmaking  or  for  dealing  with 
long-term  national  problems  *  * 

In  this  regard,  some  science  policy  experts  from  industry, 
universities,  and  Government  believe  more  practical  benefits 
can  be  derived  from  emphasizing  research  areas  where  less 
esoteric  subject  matters  are  explored  and  where  possible  solu¬ 
tions  to  national  problems  might  be  derived.  The  physics 
community  on  the  other  hand,  believes  that  high  energy  phys¬ 
ics  helps  set  the  pace  for  all  research  and  provides  funda¬ 
mental  insights  which  can  be  useful  to  all  other  research 
activities . 

Ironically,  critics  and  proponents  of  high  energy  physics 
can  both  find  support  for  their  contentions  in  a  1972  National 
Academy  of  Sciences  report.  Physics  in  Perspective.  This  re¬ 
port  presents  the  results  of  tne  Academy's  physics  Survey  Com¬ 
mittee's  examination  of  eight  subfields  of  physics,  including 
the  relative  merits  of  the  subfields.  The  Committee  scored 
the  subfields  using  two  general  categories  of  criteria:  in¬ 
trinsic  merit  and  extrinsic  merit.  Intrinsic  merit  is  bene¬ 
fits  internal  to  a  science  such  as  the  potential  to  open  new 
areas  of  that  science  or  discovering  new  fundamental  laws  of 
nature.  Extrinsic  merit  is  concerned  with  the  impact  on  other 
scientific  fields,  technology,  and  national  goals.  High  ener¬ 
gy  physics  scored  high  on  intrinsic  merit  and  low  on  extrinsic 
merit,  as  graphically  represented  on  the  histograms  on  the 
following  page.  (High  energy  physics  is  labeled  "elementary 
particles . " ) 

The  relatively  low  score  given  to  the  extrinsic  factors 
could  be  interpreted  to  indicate  that  high  energy  physics  is 
too  esoteric  to  be  of  significant  practical  value.  This  inter¬ 
pretation  has  been  made  by  critics  that  believe  those  areas 
of  R&D  that  might  help  solve  the  Nation's  problems  should  be 
emphasized.  A  former  laboratory  director  ,  who  participated  in 
the  study,  has  made  this  argument. 

On  the  other  hand,  another  former  laboratory  director, 
who  also  participated  in  the  Academy's  study,  told  us  that 
the  extrinsic  score  merely  reflects  that  many  scientists  par¬ 
ticipating  in  the  study  failed  to  recognize  the  value  of  high 
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HISTOGRAM  OF  THE  EIGHT  CORE  SUBFIELDS  OF  PHYSICS 
( note  a  ) 


INTRINSIC  f  EXTRINSIC  INTRINSIC  ^  f  ♦  EXTRINSIC 

CRITERIA 


1  -  RIPENESS  FOR  EXPLORATION 

2  -  SIGNIFICANCE  OF  QUESTIONS  AOORCSSEO 

So- POTENTIAL  FOR  OISCOVERY  OF  FUNDAMENTAL 
LAWS 

S9- POTENTIAL  FOR  OISCOVERY  OF  GENERALIZATIONS 
OF  BROAD  SCIENTIFIC  APPLICABILITY 

4  -  ATTRACTIVENESS  TO  MOST  ABLE  PHYSICISTS 

5  -POTENTIAL  CONTRIBUTIONS  TO  OTHER 

SCIENCES 

B  -  POTENTIAL  STIMULATION  OP  OTHER  AREAS 
OF  SCIENCE 


T  -  POTENTIAL  CONTRIBUTION  TO  ENGINEERING, 

meOKtNE ,  applied  science 

S  -  POTENTIAL  CONTRIBUTION  TO  TECHNOLOBY 
9  -  POTENTIAL  FOR  IMMEDIATE  APPLICATIONS 
10 -POTENTIAL  CONTRIBUTIONS  TO  SOCIETAL  SOALS 
II  -  CONTRIBUTION  TO  NATIONAL  PREBTIBE  AND 
INTERNATIONAL  COOPERATION 
12- CONTRIBUTIONS  TO  NATIONAL  OEPENBE 
IS- CONTRIBUTION  TO  PUBLIC  EOUCATION 


SOURCE:  "PHYSICS  IN  PERSPECTIVE,  1972,”  NATIONAL  ACADEMY  OF  SCIENCES 

aTHE  NATIONAL  ACADEMY  OF  SCIENCE'S  SURVEY  COMMITTEE'S  RATING  OF  THE 
INTERNAL  PHYSICS  SUBFIELDS  IN  TERMS  OF  INTRINSIC  AND  EXTRINSIC  CRITERIA. 
THE  STRAIGHT  LINES  ARE  DRAWN  TO  REFLECT  THE  CHARACTERISTICS  OF  EACH 
SUBFIELD. 
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energy  physics  to  other  science  fields.  He  pointed  out  that 
a  more  recent  study  by  the  Academy  recognizes  the  unity  of  the 
physical  sciences.  1/  Because  of  a  commonality  of  the  under¬ 
lying  principles,  tKere  is  a  unity  of  method  in  both  theory 
and  experiment. 

A  number  of  physicists  and  science  policy  experts  cited 
the  Academy's  1972  report  as  evidence  that  high  energy  phys¬ 
ics  is  one  of  the  most  fundamental  of  the  basic  sciences.  The 
high  intrinsic  score  accorded  high  energy  physics  seems  to 
support  them.  However,  these  factors  are  internal  to  the 
field  and  do  not  indicate  whether  or  not  high  energy  physics 
makes  a  substantial  contribution  to  other  fields  or  toward 
solving  the  Nation's  problems.  Thus,  a  simplistic  view  of 
the  issue  appears  to  be  the  often  raised  question,  "how  much 
emphasis  should  be  placed  on  basic  research  for  fundamental 
knowledge  versus  those  research  areas  which  are  more  likely 
to  provide  near-term  practical  benefits?” 

DOE/OMB  funding  agreement 

In  formulating  the  fiscal  year  1979  budget,  DOE  and  OMB 
reviewed  the  funding  of  Isabelle's  construction.  To  ensure 
that  funds  are  made  available  for  future  construction  and 
equipment  needs  while  limiting  the  funding  impact  on  other 
basic  sciences,  DOE  and  OMB  agreed  to  establish  an  annual 
funding  level  at  $300  million,  in  1979  dollars,  through  fis¬ 
cal  year  1984.  The  agreement  was  reached  after  OMB  noted 
that  the  large  commitment  of  funds  required  for  the  construc¬ 
tion  and  subsequent  operation 

"*  *  *  of  Isabelle,  unless  carefully  considered 
in  a  broad  scientific  context,  could  be  viewed 
*  *  *  as  a  potential  mortgage  on  future  growth 
of  Federal  funding  for  all  basic  research." 

DOE's  review  focused  on  the  project's  high  energy  phys¬ 
ics  merits  and  the  needs  of  the  program  through  the  mid-1980s. 
DOE's  only  documented  consideration  to  other  basic  sciences 
was  an  acknowledgement  that  an  accelerated  construction  pro¬ 
gram  would  result  in  a  major  "bow  wave"  in  the  program.  DOE 
noted  that  large  funding  levels  for  the  project  in  any  1  year 
would  place  a  heavy  burden  on  the  Government-wide  basic  re¬ 
search  budget.  DOE  also  noted  that  while  the  science  is  im¬ 
portant,  the  U.S.  high  energy  physics  program  would  not  be 
threatened  by  either  slipped  construction  of  Isabelle  or  the 


1/Science  and  Technology,  A  Five-Year  Outlook,  National  Acad 
“  emy  of  Sciences,  W.  H.  Freeman  and  Co. ,1379. 
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appearance  of  any  foreign  accelerator  during  the  period.  Ac¬ 
cordingly,  DOE  recommended  a  stretched  construction  schedule 
as  part  of  the  stabilized  funding  level. 


The  $300-million  level  recommended  coincides  with  a  low 
base  budget  considered  by  the  1977  Subpanel  on  New  Facilities 
of  the  High  Energy  Physics  Advisory  Panel.  Even  under  this 
level  of  funding,  the  Subpanel  believed  the  construction  of 
new  facilities  essential.  The  Subpanel,  however,  cautioned 
that  such  a  level  would  adversely  affect  accelerator  opera¬ 
tions  and  reduce  support  to  university  user  groups.  The  Sub¬ 
panel  reported,  in  part: 

"The  consequences  to  the  program  would  be  a  drastic 
reduction  or  termination  of  the  lower  energy  fixed 
target  and  colliding  beam  programs,  and  a  reduc¬ 
tion  in  the  level  of  support  and  number  of  univer¬ 
sity  groups.  In  addition,  levels  of  use  of  the 
new  electron  colliding  beam  facility  will  only  be 
at  about  the  50  percent  level.  Further,  the  pro¬ 
vision  of  equipment  necessary  to  exploit  these  fa¬ 
cilities  will  be  substantially  slowed.  This  fund¬ 
ing  level  on  a  long-term  basis  is  close  to  that 
which  would  require  a  drastic  revision  in  the  long- 
range  program  and  probably  is  not  adequate  to  keep 
the  United  States  in  a  world  competitive  position 
in  this  field." 

Nonetheless,  largely  based  on  the  results  of  this  and  the  1975 
ERDA  studies,  DOE  concluded  that  a  $300-million  funding  level 
would  provide  continued  leadership  in  the  field.  This  level 
was  negotiated  between  DOE  and  OMB,  agreed  to  by  the  High  En¬ 
ergy  Physics  Advisory  Panel,  and  concurred  with  by  OSTP. 

In  December  1977,  DOE  and  OMB  documented  their  funding 
agreement  with  a  memorandum  of  understanding.  In  addition  to 
the  $300-million  funding  level,  other  points  agreed  to  include 
the  following: 

— Isabelle  should  be  funded  as  part  of  a  balanced,  multi¬ 
year  high  energy  physics  program. 

— This  program  is  essential  to  preserve  U.S.  world  lead¬ 
ership  in  high  energy  physics. 

— It  permits  a  high  energy  physics  program  with  three 
national  accelerator  laboratories  (Stanford,  Brook- 
haven,  and  Fermilab) . 

— It  is  in  the  best  interest  of  DOE  and  OMB  to  avoid 
large  changes  in  total  funding  levels  from  year  to 
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year.  A  level  of  $300  million  over  the  next  several 
years  would  provide  for  programmatic  stability,  con¬ 
tinued  leadership  in  the  field,  and  completion  of 
Isabelle  on  a  reasonable  schedule. 

— The  escalation  rate  for  inflation  will  be  jointly 
determined  and  agreed  upon  by  DOE  and  OMB  each 
year . 

— The  distribution  of  total  funding  between  operating 
expenses,  capital  equipment,  and  construction  will 
be  subject  to  OMB  review  each  year. 

— If,  in  future  years,  Government  policy  is  to  provide 
for  real  growth  in  basic  research,  it  is  reasonable 
to  expect  that  high  energy  physics  would  share  in 
that  growth,  to  some  extent. 

In  the  memorandum,  DOE'S  Director  of  Energy  Research  also 
noted  that  even  though  the  level  is  below  the  $350-mill ion 
annual  level  recommended  by  the  High  Energy  Physics  Advisory 
Panel,  the  high  energy  physics  community  will  support  the 
agreement  because  of  the  promise  of  funding  stability  over 
the  next  several  years. 

The  Advisory  Panel,  in  an  effort  to  obtain  stabilized 
funding  for  the  program,  agreed  to  this  level.  The  Chairman 
of  the  Advisory  Panel  told  us  that  the  Panel  agreed  to  the 
level  as  the  floor  level  and  not  the  ceiling.  He  explained 
that  this  level  stretches  out  construction,  underuses  facil¬ 
ities,  and  precluded  the  exploitation  of  new  initiatives.  If 
this  floor  becomes  the  ceiling,  he  and  others  in  the  physics 
community  are  concerned  about  future  U.S.  competitiveness  in 
the  field. 

OMB  officials  told  us  that  the  level  of  support  the 
physics  community  believes  needed  is  being  provided.  They 
told  us  that  rather  than  annually  subjecting  high  energy  phys¬ 
ics  funding  requests  to  trade-offs  made  by  bureaucrats  during 
the  budget  process,  the  funding  agreement  provides  the  physics 
community  with  a  working  level  at  which  they  can  make  defin¬ 
itive  plans  and  programmatic  trade-offs.  They  added  that  the 
$300  million,  plus  inflation,  is  only  a  working  level  which 
can  be  adjusted  up  and  down  if  warranted,  but  it  is  highly  un¬ 
likely  that  the  level  would  be  raised  significantly. 

OMB  and  DOE  officials  told  us  that  a  cost-benefit  study 
of  funding  high  energy  physics  versus  other  sciences  was  not 
made.  They  noted  it  would  be  difficult  to  make  because  the 
value  of  the  results  of  high  energy  physics  research  is  highly 
subjective.  They  pointed  out,  however,  that  in  1972  the 
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National  Academy  of  Sciences  reported  that  high  energy  physics 
is  one  of  the  most  fundamental  of  the  basic  sciences  and  that 
OSTP  concurred  with  the  funding  agreement. 

According  to  one  OSTP  official,  though  they  had  not  made 
a  study,  OSTP  concurred  with  the  level  because  OMB,  DOE,  and 
the  High  Energy  Physics  Advisory  Panel  had  agreed  that  this 
level  was  needed  and  would  be  helpful  to  the  U.S.  high  energy 
physics  program.  This  official  told  us  that  OSTP  has  not  at¬ 
tempted  to  balance  high  energy  physics  needs  versus  those  of 
other  basic  sciences.  He  said  this  may  be  an  impossible  task. 
He  added,  however,  that  the  United  States  should  continue  to 
seek  world  leadership  in  high  energy  physics  because,  much 
more  than  in  other  basic  sciences,  such  leadership  is  essen¬ 
tial  to  maintain  the  morale  and  drive  of  the  practitioners. 

DOE  officials  provided  us  with  a  graph  presenting  DOE's 
hiyu  energy  physics  funding,  in  fiscal  year  1979  dollars, 
which  shows  the  intended  impact  of  the  funding  agreement.  The 
graph,  which  breaks  out  funding  into  construction,  equipment, 
and  operating  categories,  is  shown  on  the  following  page. 

Some  Foundation  officials 
perceive  high  energy  physics 
may  be  overfunded 

In  funding  high  energy  physics,  the  Foundation  not  only 
weighs  the  internal  merit  of  the  research,  but  as  part  of  its 
budget  formulation  process,  it  weighs  the  needs  and  benefits 
of  the  research  against  those  of  other  basic  sciences.  While 
these  decisions  are  made  largely  on  subjective  factors,  each 
program  official  is  provided  the  opportunity  to  present  the 
reasons  for  requesting  funds  and  the  various  impacts  of  not 
receiving  them. 

According  to  Foundation  program  officials,  some  of  the 
Foundation's  upper  management  perceive  high  energy  physics  to 
be  receiving  more  than  its  share  of  the  Foundation's  basic 
research  funds.  Accordingly,  the  Foundation's  support  of  high 
energy  physics  has  leveled  off  in  recent  years  and  may  de¬ 
crease  in  the  future. 

In  commenting  on  this  matter,  one  upper  level  management 
official  told  us  that  this  perception  is  based  largely  on 
subjective  factors  influenced  by  one's  background.  He  said 
that  the  Foundation's  upper  management  believes  high  energy 
physics  is  a  worthwhile  pursuit,  but  its  share  of  funding  is 
a  matter  of  priorities.  He  explained  that  he  knows  of  no 
well-defined  objective  way  of  evaluating  the  merits  of  high 
energy  physics  against  other  basic  sciences.  High  energy 
physics  is  long-term  esoteric  research  while  other  smaller 
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basic  science  fields,  such  as  chemistry,  have  potentially 
nearer  term  practical  applications.  He  could  not  quantify 
the  value  of  the  fundamental  knowledge  gained  from  high  ener¬ 
gy  physics,  but  if  other  factors  were  considered  he  believed 
the  field  would  not  fare  well.  As  an  example,  he  cited  the 
training  of  students  for  the  Nation's  scientific  needs.  In 
his  opinion,  there  is  little  need  for  additional  high  energy 
physicists  because  of  declining  university  enrollments  and 
their  skills  are  not  easily  applied  in  industry. 

This  official  cited  the  large  amounts  of  funds  needed 
to  carry  out  high  energy  physics  as  another  factor  influenc¬ 
ing  Foundation  management's  views.  He  noted  that  the  Foun¬ 
dation  has  a  larger  impact  on  the  smaller  sciences.  For 
example,  the  Foundation  provides  about  one-half  of  all  the 
Federal  support  for  chemistry,  but  less  than  10  percent  of 
the  Federal  support  for  high  energy  physics.  He  also  pointed 
out  that  high  energy  physics  requires  facilities  which  re¬ 
quire  large,  long-term  commitments  of  funds  for  construction 
and  operations.  He  expressed  concern  that  if  the  Foundation 
supported  such  facilities,  it  may  lose  the  flexibility  to 
respond  to  new  scientific  ideas. 

In  formally  commenting  on  this  matter,  the  Foundation,  in 
a  letter  dated  March  17,  1980,  stated: 

"The  Foundation  regards  high  energy  physics  as 
an  essential  component  of  its  physics  programs 
and  a  subject  which  is  intellectually  alive  and 
vital  *  * 

The  Foundation  went  on  to  note  the  complexity  of  this  issue 
and  the  need  for  continued  reexamination  of  any  proposed  bal¬ 
ance.  It  also  pointed  out: 

"The  NSF  [Foundation]  support  of  elementary  par¬ 
ticle  physics  is  roughly  the  same  fraction  of  the 
total  support  of  physics  at  NSF  in  FY  1980  as  it 
was  in  FY  1975.  Thus,  the  NSF  is  not  deemphasiz¬ 
ing  the  support  of  particle  physics  relative  to 
other  areas  of  physics.  The  support  of  particle 
physics  at  NSF  has  not  expanded  as  fast  as  the 
needs  of  the  field,  however.  This  is  also  true 
for  all  areas  of  physics  as  well  as  for  essenti¬ 
ally  all  fields  of  science  supported  by  NSF." 

We  noted,  however,  that  while  its  support  of  particle  phys¬ 
ics  has  remained  roughly  proportional  to  its  support  of  other 
physics  areas,  it  has  not  received  the  same  emphasis  as  has 
other  fields  of  science  supported  by  the  Foundation.  For 
example,  in  fiscal  year  1980,  the  Foundation's  support  for 
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physics  increase  (in  current  year  dollars)  was  3.2  percent 
while  its  overall  increase  for  basic  research  was  11.8  per¬ 
cent.  After  inflation  is  taken  into  account  (estimated  by 
OMB  to  be  9  percent),  the  Foundation's  support  for  physics 
decreases . 


The  United  States  is  seeking  to  maintain  a  leadership 
position  in  high  energy  physics.  However,  according  to  the 
physics  community,  sufficient  support  to  maintain  such  lead¬ 
ership  is  not  being  provided.  In  establishing  the  present 
funding  level  for  high  energy  physics,  little  apparent  con¬ 
sideration  has  been  given  to  the  relative  merits  of  other 
basic  sciences.  No  criteria  is  known  for  accomplishing  this. 
Instead,  it  requires  subjective  judgments  on  the  part  of 
knowledgeable  decisionmakers.  A  study  is  needed  to  determine 
the  appropriate  level  of  funding  for  the  program  while  con¬ 
sidering  the  relative  merits  of  other  sciences.  Such  a  study 
would  appear  to  be  beyond  the  type  of  study  that  could  be 
provided  by  DOE's  High  Energy  Physics  Advisory  Panel,  which 
primarily  provides  advice  on  factors  internal  to  the  field. 
This  Panel,  however,  could  provide  input  on  the  program's 
approach  to  various  policy  options  or  alternatives. 

A  study  of  the  relative  merits  of  other  sciences  was 
beyond  the  scope  of  our  review  which  focused  on  high  energy 
physics.  In  light  of  the  less  than  an  optimal  amount  of  funds 
available,  the  following  chapter  discusses  how  DOE  and  the 
Foundation,  with  the  input  of  advisory  panels,  have  planned 
and  used  available  funds  toward  achieving  the  program's  goals. 
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CHAPTER  4 

NEED  FOR  INTEGRITY  BETWEEN 
OBJECTIVES,  PLANS,  AND  BUDGETS 

i’he  long  time  scales  inherent  to  high  energy  physics,  the 
relatively  high  costs  of  large  accelerators  and  their  associ¬ 
ated  facilities,  and  the  continual  infusion  of  new  technologi¬ 
cal  capabilities  all  demand  that  compatible  objectives,  plans, 
and  budgets  be  established  well  in  advance.  Since  less  than 
optimal  funding  has  been  available,  the  U.S.  program  has  had 
to  make  sacrifices  in  various  program  elements  needed  to  help 
maintain  a  long-term  leadership  position  in  the  field.  Al¬ 
though  the  amount  agreed  to  under  the  OMB/DOE  funding  agreement 
is  about  $50  million  less  than  recommended  by  the  DOE  High  En¬ 
ergy  Physics  Advisory  Panel,  DOE  still  seeks  to  maintain  a  lead 
ership  position  with  this  level  of  funding.  DOE  considers  the 
agreement  to  be  the  "plan"  being  followed,  but  the  agreement 
does  not  document  a  new  detailed  strategy  or  long-term  plan  as 
to  how  leadership  is  to  be  maintained. 

DOE  recently  initiated  an  Advisory  Panel  study  to  develop 
near-,  mid-,  and  long-range  program  plans.  We  believe  such 
plans  could  be  extremely  useful  to  the  Congress  by  providing 
visibility  over  (1)  the  program's  planned  efforts  under  pres¬ 
ent  and  alternative  funding  levels  and  (2)  the  benefits  and/or 
sacrifices  of  those  efforts. 


The  U.S.  program  has  emphasized  the  construction  of  accel¬ 
erators  within  a  constrained  budget,  thereby  adversely  affect¬ 
ing  other  key  program  elements.  New  construction  is  needed  to 
provide  the  tools  for  maintaining  a  leadership  position,  but 
current  research  support  and  long-term  accelerator  R&D  have 
been  inadequately  funded.  As  a  result,  the  U.S.  program  may 
have  difficulty  in  maintaining  its  leadership  position. 

In  our  view,  the  program  has  been  faced  with  trying  to 
do  more  than  available  funds  would  allow.  Thus,  the  alter¬ 
natives  appear  to  be  either  changing  the  objectives  or  in¬ 
creasing  funding. 

NEED  FOR  BETTER  PLANNING 


Under  current  funding,  DOE  has  continued  to  assert  that 
the  U.S.  program  is  to  maintain  its  leadership  position  in  the 
field,  but  has  not  developed  detailed  plans  showing  how  such 
an  objective  is  to  be  met.  DOE  considers  the  OMB/DOE  funding 
agreement  to  be  the  "plan"  being  followed.  However,  as  dis¬ 
cussed  on  page  48,  the  agreement  basically  sets  forth  overall 
funding  levels  for  operations,  equipment,  and  construction, 
including  that  for  Isabelle,  and  points  out  that  the  funding 
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permits  a  three  national  accelerator-laboratory  high  energy 
physics  program  (Stanford,  Brookhaven,  and  Fermilab) . 

DOE  recently  initiated  a  study  for  developing  general 
strategies  and  long-range  plans  under  alternative  funding 
levels,  including  the  presently  agreed  upon  level.  The  study 
was  also  to  assess  the  program  balance  for  the  mid-term  (fis¬ 
cal  years  1982  to  1987)  and  make  specific  recommendations  for 
the  program  in  fiscal  year  1982.  We  believe  such  studies  and 
plans  could  be  extremely  beneficial  and  should  be  formally 
instituted  on  a  periodic  basis. 

Background  on  past  and 
current  plans 

DOE  and  the  Foundation  have  obtained  considerable  pro¬ 
gram  advice  and  guidance  in  the  decisionmaking  process  from 
the  longstanding  and  highly  regarded  High  Energy  Physics  Ad¬ 
visory  Panel.  Over  the  past  10  years,  this  Panel  and  its  var¬ 
ious  subpanels  have  provided  DOE  and  its  predecessors  with 
numerous  reviews,  reports,  studies,  and  recommendations  on 
many  topics,  such  as  advanced  accelerator  technology  R&D , 
major  construction  proposals,  equipment  funding,  accelerator 
utilization,  and  manpower  levels.  The  advice  is  also  avail¬ 
able  to  the  Foundation,  and  its  program  staff  regularly  par¬ 
ticipate  in  the  Panel's  meetings.  The  Foundation  has  its  own 
Physics  Advisory  Committee,  whose  concerns,  however,  extend 
beyond  high  energy  physics  to  other  physics  supported  by  the 
Foundation.  Thus,  the  Foundation  has  relied  heavily  on  DOE's 
Panel  for  advice  on  long-range  planning  and  budgeting  for 
the  program. 

DOE  points  to  Panel  reports  as  supporting  documents  for 
its  funding  level.  These  reports  recommended  program  plans 
and  construction  priorities,  prior  to  the  funding  agreement. 
Since  the  agreement,  DOE  has  not  developed  a  plan  which  formal¬ 
ly  sets  out  how  each  of  the  various  program  elements  needed  to 
maintain  a  leadership  position  is  to  be  achieved.  For  example, 
for  maintaining  leadership  under  constrained  funding,  DOE  has 
not  documented  the  number  of  research  groups  that  should  be 
supported,  the  extent  those  groups  should  be  supported,  and 
the  extent  of  accelerator  utilization. 

ERDA  staff,  relying  heavily  on  Advisory  Panel  studies, 
responded  in  October  1975  to  an  OMB  request  for  a  10-year 
strategy  for  construction  and  operating  high  energy  physics 
facilities.  (See  pp.  39  and  40.)  ERDA  issued  a  report  which 
dealt  primarily  with  a  facility  strategy — construction  prior¬ 
ities  and  utilization  levels — but  also  addressed  OMB  ques¬ 
tions  on  the  lack  of  agreed-on  long-range  planning  and  bud¬ 
geting  and  how  the  annual  budget  process  might  be  improved. 
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In  responding  to  these  questions,  the  ERDA  staff  pointed 
out  that  substantial  problems  had  arisen  in  the  past  from 
unexpected  fluctuations  in  funding.  It  identified  layoffs, 
unused  improvements,  and  unanticipated  reductions  in  accel¬ 
erator  operations  as  examples  of  damaging  events  which  could 
have  been  avoided  or  reduced  by  longer  range  budgeting.  It 
cited  long-range  budgeting  procedures  at  CERN,  which  report¬ 
edly  has  served  European  members  well  by  providing  a  reliable 
guide  to  future  funding  and  realistic  long-range  plans. 

The  CERN  budget  is  divided  into  six  research  programs, 
four  of  which  are  related  to  the  facility’s  four  accelera¬ 
tors.  Annually,  CERN  projects  its  budget  for  the  next  4 
years.  Detailed  budgets  are  submitted  for  the  first  year 
and  firm  commitments  are  made  before  the  year  begins.  The 
second  year  budget  is  considered  a  reliable  estimate,  while 
the  third  and  fourth  years  are  provisional  estimates  with 
no  firm  funding  commitments.  CERN  officials  pointed  out  to 
us  that  CERN's  budget  has  declined  3  percent  since  1975  and 
its  projected  out-year  budgets  do  not  necessarily  represent 
the  amounts  that  will  ultimately  be  committed. 

According  to  a  CERN  official,  the  only  long-term  fund¬ 
ing  commitments  received  from  member  nations  have  been  for 
supporting  major  construction  projects,  such  as  CERN's  Super 
Proton  Synchrotron  accelerator.  However,  each  member  nation 
pays  a  fixed  contribution  to  the  capital  and  operating  costs 
of  the  CERN  programs  which  it  agrees  to  support,  according 
to  a  fixed  scale  reestablished  every  3  years  on  the  basis  of 
net  national  income. 

In  any  event,  the  1975  ERDA  report  outlined  a  possible 
long-range  planning  and  budgeting  procedure  which  has  some 
precedent  and  considerable  merit  when  one  considers  program 
events  since  the  1975  study.  The  procedure  involved  a  three- 
tier  planning  process.  The  three  tiers  were  to  differ  in  the 
period  covered,  the  degree  of  firmness,  and  the  level  of  com¬ 
mitment  expected  from  OMB  and  the  supporting  Federal  agen¬ 
cies  . 


The  three  tiers  were: 

— a  10-year  long-range  plan,  with  general  operating  and 
construction  guidelines,  which  would  be  updated  every 
2  years; 

— a  2-  to  4-year  short-range  plan  which  would  evaluate 
specific  requests  and  justifications,  following  the 
general  guidelines  of  the  10-year  plan;  and 
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— a  firm  annual  budget  based  on  the  short-range  plan, 
adjusted  for  (1)  cost  index  changes,  (2)  unforeseen 
technical  and  economic  developments,  and  (3)  prior 
year  changes  by  the  Congress. 

These  plans  were  expanded  upon  in  an  appendix  to  the  ERDA 
report.  The  report  itself  was  generally  along  the  lines  of 
the  suggested  long-range  plan.  It  included 

— plans  and  priorities  for  constructing  and  shutting  down 
accelerators  through  1985, 

— guidelines  for  efficient  operation  and  utilization  of 
present  and  planned  accelerators,  and 

— the  impact  of  several  funding  levels  suggested  by  OMB. 

The  ERDA  report  drew  heavily  on  the  deliberations  of  1974 
and  1975  subpanels  on  new  facilities  of  the  High  Energy  Phys¬ 
ics  Advisory  Panel  and  an  extensive  history  of  Panel  consider¬ 
ations.  The  report  was  supplemented  by  a  June  1977  subpanel 
report,  which  considered  the  long-range  needs  of  the  U.S.  pro¬ 
gram.  This  latter  report  made  specific  recommendations  for 
fiscal  year  1979  construction  and  again  addressed  the  probable 
effects  of  the  funding  levels  considered  in  the  1975  report. 
Alternate  funding  levels  were  discussed  because  a  funding  plan 
had  not  yet  been  agreed  on  for  the  future. 

Having  full  knowledge  of  these  studies,  OMB  and  DOE, 
during  formulation  of  the  high  energy  physics  fiscal  year 
1979  budget,  agreed  to  a  $300  million  a  year  DOE  budget  for 
the  period  through  fiscal  year  1984.  This  agreement,  al¬ 
though  it  covered  5  years  (not  2  to  4),  could  have  formed 
the  basis  for  the  second-tier  plan  explained  in  the  1975  re¬ 
port.  It  represented  a  funding  commitment  by  OMB  that  was 
explained  to  the  Congress.  Unfortunately,  it  was  not  inte¬ 
grated  with  a  detailed  long-term  plan,  and  the  commitment 
was  $50  million  a  year  below  that  which  had  been  recommended 
for  the  program  in  the  most  recent  Advisory  Panel  study. 

As  discussed  in  chapter  3,  the  OMB/DOE  agreement  coin¬ 
cides  with  the  low-base  budqet  studied  by  a  subpanel  of  the 
High  Energy  Physics  Advisory  Panel.  According  to  the  sub¬ 
panel,  this  level  was 

"*  *  *  close  to  that  which  would  require  a  drastic 
revision  in  the  long-range  program  and  probably  is 
not  adequate  to  keep  the  United  States  in  a  world 
competitive  position  *  * 
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Nonetheless,  DOE  officials  told  us  the  program  is  basically 
f611owing  the  construction  initiatives  in  the  subpanel's 
1975  report. 

The  agreement  has  provided  stability  in  program  funding, 
but  it  should  be  integrated  into  a  systematic  planning  proc¬ 
ess.  The  three-tier  planning  process  could  work  well  for 
the  high  energy  physics  program.  Obviously,  plans  would  have 
to  be  updated  and  changed  from  time  to  time.  However,  more 
clearly  defined  overall  objectives,  a  congressionally  approved 
10-year  strategy,  and  a  5-year  OMB  commitment  for  stabilized 
funding  could  resolve  many  of  the  present  inconsistencies  be¬ 
tween  the  program's  goals,  plans,  and  funding. 

DOE  initiative  to  develop 
program  plans 

In  July  1980,  a  subpanel  of  DOE's  High  Energy  Physics 
Advisory  Panel  reported  on  its  review  and  planning  for  the 
U.S.  program.  DOE  initiated  the  subpanel  study  and  provided 
the  following  charge: 

"Within  the  context  of  changing  worldwide  high 
energy  physics  activities  and  opportunities,  re¬ 
view  the  status  and  prospects  of  the  U.S.  program, 
taking  into  consideration  all  aspects  of  the  pro¬ 
gram,  including: 

o  Physics  progress  and  achievement  of  scientific 
understanding . 

o  Physics  research  programs  at  Universities  and 
Laboratories . 

o  Laboratory  facility  operations  (including  pro¬ 
gram  scope,  operating  effectiveness,  utilization 
levels  and  user  research  opportunities). 

o  Technology  R&D  for  accelerators  and  experimental 
facilities . 

o  Program  on  facilities  recently  completed  or  under 
construction. 

o  Future  construction  proposals  and  possibilities. 

Develop  a  general  strategy  and  long-range  plan  for 
the  U.S.  program  over  the  next  decade  and,  in 
particular,  assess  the  program  balance  required 
for  physics  research,  facility  operations,  tech¬ 
nology  development,  equipment  and  construction" 
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"over  the  period  from  FY  1982  to  FY  1987,  and  make 
specific  recommendations  for  FY  1982;  all  under 
the  following  funding  constraints: 


1.  The  same  guidance  as  that  under  which  the  pro¬ 
gram  now  operates;  i.e.,  an  average  annual 
funding  level  for  the  U.S.  program  (DOE  plus 
NSF)  of  $325  million  in  FY  1979  dollars. 

2.  A  funding  constraint  10-15%  higher  than  that 
above . 

3.  Are  there  important  high  energy  physics  activ¬ 
ities  which  cannot  be  conducted  on  a  timely 
basis  within  the  above  constraints?  What  are 
they  and  what  would  be  the  implications  of 
addressing  or  excluding  them?  *  *  *" 

DOE's  charge  added  that  within  each  of  the  above  funding  con¬ 
straints,  the  subpanel  is  to  assess  the  prospects  And  suffi¬ 
ciency  of  the  strategy  and  long-range  plan  to  maintain  a  fore¬ 
front  U.S.  high  energy  physics  program. 

Thus  the  subpanel  was  to  develop  near-,  mid-,  and  long- 
range  plans  for  the  program,  while  addressing  the  status  and 
prospects  of  each  of  the  key  program  elements.  While  the  sub¬ 
panel  recommended  areas  to  emphasize  for  a  balanced  program 
in  the  near-term,  it  did  not  develop  general  strategies  and 
plans  for  the  mid-  and  long-range.  Instead,  it  cited  diffi¬ 
culties  with  current  construction  efforts  and  uncertainties 
with  respect  to  the  specific  electron  accelerator  facilities 
that  should  be  built  to  pursue  the  existing  physics  opportu¬ 
nities,  and  recommended  that  another  study  be  convened  in  1 
or  2  years. 

We  believe  DOE's  goal  to  develop  near-,  mid-,  and  long- 
range  plans  is  commendable.  Hence,  we  believe  another  study 
should  be  initiated  to  develop  such  plans  as  soon  as  practi¬ 
cal.  Such  plans  should  provide  improved  visibility  over  the 
program  and  could  be  extremely  helpful  to  the  conduct  of  over¬ 
sight  and  legislative  activities.  Accordingly,  we  believe 
such  plans  should  be  developed  and  instituted  formally  on  a 
periodic  basis,  and  submitted  to  the  Congress  for  its  review 
and  consideration. 

EMPHASIS  ON  CONSTRUCTION 
OF  NEW  ACCELERATORS 


To  maintain  a  leadership  position  in  high  energy  physics, 
the  U.S.  physics  community  believes  the  tools  for  frontier  physics 
to  be  essential.  In  line  with  this  belief,  the  U.S.  program  has 
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been  constructing  accelerators  and  improving  existing  accel¬ 
erator  capabilities.  In  addition  to  the  relatively  high  costs 
of  the  construction  itself,  related  costs  greatly  increase  the 
funding  required  to  pursue  construction  efforts.  The  follow¬ 
ing  discusses  some  of  the  estimated  costs  of  accelerator  con¬ 
struction  and  development  efforts  at  the  laboratories. 

Construction  at  Fermilab 


Fermilab  has  been  working  toward  the  Tevatron  project. 

DOE  estimates  that  total  construction  and  related  equipment 
and  R&D  costs  will  exceed  $200  million.  This  project  is  pro¬ 
ceeding  in  phases,  with  the  first  phase,  the  Energy  Saver, 
authorized  and  under  construction.  The  Tevatron  is  to  (1)  in¬ 
crease  the  energy  of  the  existing  proton  accelerator  from  400 
GeV  to  1,000  GeV,  (2)  make  possible  colliding-beam  experi¬ 
ments  with  center-of-mass  energies  1/  of  up  to  2,000  GeV,  and 
(3)  possibly  lead  to  the  discovery  of  the  intermediate  vector 
boson.  Fermilab  has  redefined  the  Tevatron  project  several 
times,  but  its  basic  elements  include 

— superconducting  magnets  that  will  reduce  the  power 
consumption  of  the  present  accelerator  and  permit  in¬ 
creases  in  beam  energy  to  500  GeV, 

— proton-antiproton  colliding  beams  with  two  new  exper¬ 
imental  areas,  and 

— modifications  to  (1)  permit  the  superconducting  ring 
to  deliver  a  1,000  GeV-proton  beam  to  fixed  targets, 
and  (2)  upgrade  targets  for  receiving  the  higher  en¬ 
ergy  beam. 

A  schematic  of  the  Tevatron  is  shown  on  the  following  page. 

Fermilab  began  its  R&D  efforts  on  the  project  in  1975. 

The  objective  at  that  time  was  a  1,000  GeV  accelerator,  esti¬ 
mated  to  cost  $51.6  million.  Because  difficult  technical 
problems  had  to  be  solved,  the  project  was  begun  with  accel¬ 
erator  R&D  funds.  In  fiscal  year  1979,  after  OMB  became  con¬ 
cerned  that  the  accelerator  would  be  completed  without  OMB 
and  congressional  approval,  the  Energy  Saver  project  was  sub¬ 
mitted  for  congressional  approval  as  a  construction  project. 
Through  fiscal  year  1978,  according  to  an  independent  audit 


1/In  a  colliding  beam  accelerator,  the  center-of-mass  energy 
“  is  the  sum  of  the  two  beams  and  represents  the  amount  of 
energy  available  to  make  new  particles. 
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EEQENQ.: 

_  EXISTING  FACILITIES 

_ PROPOSED 

SOURCE:  FERMI  NATIONAL  ACCELERATOR  LABORATORY 

THE  FERNULAB  ACCELERATOR  WITH  THE  INCLUSION 
OF  THE  TE  VAT  RON  PROJECT 


by  a  public  accounting  firm,  Fermilab  had  spent  about  $31 
million  on  accelerator  R&D  for  the  project. 

Although  the  Energy  Saver  will  reduce  power  consumption 
requirements  for  the  present  accelerator,  according  to  Fermi¬ 
lab  officials,  its  chief  purpose  is  being  the  first  step  to¬ 
ward  the  Tevatron.  DOE  recognizes  that  the  Energy  Saver  is 
a  necessary  prelude  to  a  higher  energy  accelerator  and  intends 
to  complete  the  Tevatron.  In  fiscal  year  1978,  DOE  provided 
Fermilab  $800,000  in  planning  and  design  funds  for  the  new 
machine.  The  President's  1981  budget  submission  showed  the 
Energy  Saver's  construction  cost  to  be  an  estimated  $46.7  mil¬ 
lion  and  related  R&D,  equipment,  and  pre-operating  costs  of 
about  $52  million,  including  $24  million  of  the  $31  million 
reported  by  the  public  accounting  firm. 

The  President's  fiscal  year  1981  budget  request  also  in¬ 
cluded  funding  of  Tevatron,  Phase  I.  This  phase  will  include 
the  proton-antiproton  collider,  additional  refrigeration,  two 
experimental  areas,  and  R&D  applicable  to  the  collider.  The 
construction  cost  was  estimated  to  be  $39.5  million  and  re¬ 
lated  costs  of  $18.8  million,  making  the  total  Phase  I  costs 
$58.3  million. 

Yet  to  be  requested  are  funds  for  Tevatron,  Phase  II. 

This  phase  will  provide  fixed  target  capabilities,  including 
the  extraction  of  the  1,000-GeV  beam  from  the  main  acceler¬ 
ator  and  upgrades  of  the  switchyard  and  experimental  areas 
to  accept  the  beam.  DOE  estimates  construction  costs  for 
this  phase  at  $46.5  million.  Estimated  total  related  costs 
as  of  March  1980  were  $7.9  million  bringing  the  total  Phase 
II  cost  up  to  $54.4  million.  Thus,  the  total  estimated  cost 
for  these  three  phases  is  about  $212  million.  Adding  $7  mil¬ 
lion  of  accelerator  R&D  prior  to  project  authorization  which 
is  not  included  in  DOE  estimates,  brings  the  total  estimated 
cost  up  to  $219  million. 

In  addition,  Fermilab' s  plans  call  for  $4.8  million  for 
facility  improvements.  Improvements  include  a  particle  detec¬ 
tor  development  area,  a  superconducting  engineering  complex, 
and  road  construction. 

Construction  at  Brookhaven 

Brookhaven  is  constructing  a  400-GeV  x  400-GeV  proton- 
proton  colliding  beam  facility,  Isabelle.  This  project,  which 
is  to  use  superconducting  magnets,  has  been  authorized  by  the 
Congress  for  completion  in  1986.  Isabelle  is  to  collide  pro¬ 
tons  at  center-of-mass  energies  more  than  10  times  higher  than 
any  accelerator  now  available.  Experiments  at  Isabelle  are 
expected  to  make  definitive  tests  of  the  theory  to  unify  the 
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electromagnetic  and  weak  forces  of  nature  and  to  provide  data 
for  further  development  of  models  of  the  strong  interaction 
force.  As  with  any  new,  higher  energy  facility,  the  most  im¬ 
portant  discoveries  may  be  completely  unexpected  at  the  pres¬ 
ent  time. 

The  President's  fiscal  year  1981  budget  request  showed 
Isabelle's  estimated  construction  cost  to  be  $275  million, 
and  related  operating  and  equipment  costs  (includes  costs 
for  accelerator  R&D ,  pre-startup  operations,  and  the  ini¬ 
tial  complement  of  equipment)  to  be  $168.9  million.  An  addi¬ 
tional  $11  million  in  accelerator  R&D  funds  and  about  $1.7 
million  of  planning,  engineering,  and  design  funds  were  spent 
prior  to  project  authorization.  Also,  Brookhaven  officials 
plan  to  spend  some  accelerator  improvement  funds  for  upgrad¬ 
ing  the  Alternating  Gradient  Synchrotron's  experimental  capa¬ 
bilities.  This  upgrade  will  also  improve  its  injection  capa¬ 
bilities  for  Isabelle. 

Construction  at  Stanford 


Stanford  recently  completed  the  Positron  Electron  Proj¬ 
ect.  The  initial  operating  test  for  the  accelerator  was 
made  in  April  1980.  This  accelerator  is  designed  to  provide 
electron-positron  collisions  at  center-of-mass  energies,  up  to 
36  GeV.  Physicists  believe  electron-positron  machines  are 
important  because  their  collisions  are  relatively  easy  to 
,,see,,  and  interpret,  when  compared  to  others  such  as  proton- 
proton  collisions. 

Electron-positron  collisions  produce  "clean"  experi¬ 
ments  in  which  the  production  of  particles  can  be  observed 
without  large  background  radiation.  The  annihilation  of  elec¬ 
trons  and  positrons  in  the  collisions  first  creates  an  inter¬ 
mediate  state  of  pure  electromagnetic  energy,  which  remater¬ 
ializes  into  a  variety  of  newly  created  elementary  particles. 
Since  the  electromagnetic  force  is  probably  the  most  complete¬ 
ly  understood  force  of  nature,  physicists  believe  electron- 
positron  annihilation  is  an  ideal  starting  point  for  studying 
the  properties  and  behavior  of  elementary  particles.  Exper¬ 
iments  to  be  conducted  on  the  Positron  Electron  Project  are 
expected  to  complement  experiments  on  Petra,  a  similar  West 
German  accelerator. 

The  Positron  Electron  Project's  estimated  line-item 
construction  cost  was  $78  million,  but  its  total  cost,  when 
related  equipment  and  operating  costs  are  included,  was  about 
$143  million.  In  addition,  since  1975  the  laboratory  spent 
$5.3  million  through  fiscal  year  1979  to  increase  the  energy 
of  its  linear  accelerator,  which  is  being  used  as  an  injector 
for  the  Positron  Electron  Project  as  well  as  for  experiments. 
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The  costs  of  this  improvement  were  not  reported  as  being  re¬ 
lated  to  the  project  because  the  upgrading  of  the  linear  ac¬ 
celerator  was  independently  justified  on  the  basis  of  improved 
fixed-target  physics  research  capabilities  for  the  linear  ac¬ 
celerator.  However,  Stanford  officials  acknowledged  that  this 
improvement,  while  not  necessary  for  its  operations,  will  help 
the  Positron  Electron  Project  efficiently  attain  its  design 
energy  and  luminosity. 

Cornell  Electron  Storage  Ring 

The  Foundation  has  supported  the  construction  of  the 
Cornell  Electron  Storage  Ring,  an  8-GeV  x  8-GeV  electron- 
positron  colliding  beam  accelerator  which  began  start-up 
operations  in  1979.  Foundation  officials  told  us  that  this 
accelerator  fills  a  gap  in  electron-positron  physics.  They 
pointed  out  the  Cornell  accelerator's  energy  range  will  be 
ideal  for  exploring  indepth  the  nature  and  characteristics 
of  the  upsilon  particle,  1/  discovered  in  1977  at  Fermilab. 
According  to  Foundation  officials,  the  Stanford  Positron 
Electron  Asymmetric  Ring  at  4  GeV  operates  at  too  low  of  an 
energy  range  and  the  Positron  Electron  Project's  energy  range 
of  18  GeV  is  too  high  to  effectively  explore  the  upsilon 
particle.  In  1976,  DOE's  High  Energy  Physics  Advisory  Panel 
agreed  that  the  Cornell  accelerator  would  permit  a  more 
rapid  and  comprehensive  study  of  electron-positron  physics 
in  the  4-  to  8 -GeV  energy  range  and  strongly  endorsed  its 
construction.  A  photo  of  the  Cornell  Electron  Storage  Ring 
is  on  the  following  page. 

The  Cornell  Electron  Storage  Ring  was  estimated  to  cost 
about  $20.7  million.  This  includes  about  $13.5  million  for 
construction  and  related  equipment,  computer,  and  start-up 
costs  of  about  $7.2  million.  With  construction  to  be  com¬ 
pleted  in  September  1980,  the  Foundation  estimates  an  under- 
run  of  $400,000;  consequently,  the  project’s  total  cost  is 
expected  to  be  about  $20.3  million. 

Development  at  Argonne 

In  addition  to  construction  at  the  four  accelerator  cen¬ 
ters,  Argonne  laboratory  carried  out  several  accelerator  R&D 
projects  intended  to  develop  new  accelerator  technology  and 
concepts  which  could  be  used  to  improve  its  accelerator's 
capabilities.  These  R&D  projects  were  carried  out  during  the 


1/The  upsilon  particle  represents  the  fifth  quark  discovered, 
"  which  is  theorized  to  be  one  of  the  basic  constituents  of 
matter . 
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1970s  while  the  shutdown  of  the  accelerator  was  under  consid¬ 
eration.  According  to  laboratory  officials,  allowing  shut¬ 
down  considerations  to  interfere  with  these  projects  would 
have  made  the  shutdown  a  self-fulfilling  prophecy.  One  area 
of  Argonne * s  accelerator  R&D  work  concerned  superconducting 
magnets.  A  ring  of  such  magnets,  designed  based  on  the  re¬ 
sults  of  this  R&D  work,  was  proposed  three  times  as  a  line- 
item  construction  project,  but  DOE  rejected  it,  in  part,  be¬ 
cause  the  shutdown  was  being  considered.  Argonne,  with  DOE's 
approval,  continued  with  R&D  on  superconducting  magnets, 
spending  over  $400,000  to  build  and  install  14  superconduct¬ 
ing  magnets  in  a  beam  line.  Argonne  officials  told  us  this 
was  the  first  practical  experience  with  a  high  energy  super¬ 
conducting  beam  line,  and  it  helped  develop  the  power  saving 
concept  being  used  in  Fermilab's  Energy  Saver.  Another  R&D 
project  was  a  "booster"  accelerator  system,  estimated  to  cost 
$4  million.  According  to  laboratory  officials,  the  booster 
system  was  completed  too  late  to  be  used  for  the  accelerator's 
unpolarized  beam  operations,  but  was  fully  justified  by  its 
contributions  to  accelerator  technology  and  is  being  produc¬ 
tively  used  as  a  pulsed  neutron  source  for  other  research 
programs,  such  as  solid  state  physics. 

ADVERSE  EFFECT  ON  OTHER 
PROGRAM  ELEMENTS 

Although  the  physics  community  has  deemed  the  emphasis  on 
accelerator  development  and  construction  efforts  to  be  essen¬ 
tial,  such  efforts  have  required  large  amounts  of  funds  at  the 
expense  of  less  than  optimal  funding  of  other  key  program  ele¬ 
ments.  Program  elements  such  as  long-range  accelerator  R&D, 
accelerator  utilization,  and  experimental  research  support  have 
suffered.  Each  of  these  elements  are  also  essential  to  the 
long-term  health  of  the  program.  Accordingly,  even  with  the 
emphasis  on  construction,  which  is  intended  to  help  maintain  a 
leadership  position,  the  long-range  health  of  the  U.S.  program 
may  be  jeopardized. 

Long-range  accelerator  R&D 

Accelerator  R&D  is  concerned  with  developing  the  tech¬ 
nology  needed  to  build  accelerators  which  produce  the  increas¬ 
ingly  higher  energy  particle  beams  required  for  experiments. 
Historically,  the  U.S.  program  has  spent  about  10  percent  of 
its  operating  funds  on  accelerator  R&D  activities.  This  in¬ 
cludes  both  R&D  applied  to  specific  projects  and  long-range 
R&D  not  associated  with  a  specific  project.  Today  this  frac¬ 
tion  for  all  accelerator  R&D  is  14  percent,  reflecting  a  heavy 
commitment  to  superconducting  magnet  development.  Most  of 
these  funds  are  for  specific  projects,  with  only  between  1  and 
1-1/2  percent  of  operating  resources  devoted  to  long-range 
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R&D.  This  relatively  low  funding  of  long-range  accelerator 
R&D  appears  to  have  adversely  affected  current  construction 
projects  which  include  superconducting  magnets,  and  the  phys¬ 
ics  community  is  concerned  that  the  technology  to  build  higher 
energy  accelerators  in  the  future  is  not  being  sufficiently 
advanced . 

Most  of  the  recent  accelerator  R&D  efforts  are  for  devel¬ 
oping  superconducting  magnets.  Research  on  superconducting 
magnet  technology  for  Fermilab's  Energy  Saver  and  Brookhaven's 
Isabelle  accounts  for  about  three-fifths  of  the  U.S.  program's 
accelerator  R&D  funds.  The  U.S.  program  has  sought  to  ensure 
leadership  by  constructing  accelerators  which  are  to  use  super¬ 
conducting  magnets  that  are  still  being  developed.  DOE  pro¬ 
gram  staff  and  laboratory  officials  recognize  the  high  risks 
in  this  approach,  but  they  believe  the  physics  potential  and 
reduced  electrical  power  requirements  of  large  superconducting 
accelerators  justifies  this  “leap"  in  the  state-of-the-art. 

In  1971,  the  High  Energy  Physics  Advisory  Panel  recom¬ 
mended  that  pilot  projects  be  supported  to  develop  new  accel¬ 
erator  technologies,  including  a  superconducting  synchrotron 
of  intermediate  energy  at  the  Lawrence  Berkeley  Laboratory, 

"to  gain  experience  in  the  construction  and  operation  of  a 
synchrotron  with  high  field  superconducting  magnets."  The 
Panel  recognized  that  before  a  large  superconducting  acceler¬ 
ator  could  be  built,  many  problems  had  to  be  solved.  A  small 
superconducting  synchrotron  was  seen  as  a  possible  pilot  proj¬ 
ect  to  provide  more  experience  before  a  single  approach  to 
the  problems  would  be  selected. 

Following  preliminary  studies,  the  Berkeley  project  was 
funded  as  an  R&D  effort  in  fiscal  year  1975,  but  at  a  lower 
rate  than  requested.  Its  purpose  was  to  investigate  the  inte¬ 
gration  of  superconductivity  into  a  total  accelerator  system. 
Laboratory  officials  said  the  low  rate  of  funding  slowed  the 
project's  progress,  increased  its  cost,  and  necessitated  a 
change  in  its  objectives.  Originally  expected  to  cost  $3.7 
million  and  take  2-1/2  years,  DOE  and  Berkeley  mutually  agreed 
to  terminate  the  project  half-complete  in  mid-1978  after  near¬ 
ly  $7  million  had  been  spent.  The  Berkeley  project  was  drop¬ 
ped  because  DOE  and  laboratory  officials  realized  that  the 
project  was  moving  too  slowly  and  results  would  be  too  late  to 
be  useful  in  the  full-scale  superconducting  projects  initiated 
at  Brookhaven  and  Fermilab — Isabelle  and  the  Energy  Saver,  re¬ 
spectively. 

Technical  problems  on  superconducting  magnets  at  Fermi¬ 
lab  and  Brookhaven  have  since  increased  the  cost  of  their 
R&D  efforts.  For  example,  Fermilab  chose  to  mass-produce 
magnets  and  built  130  superconducting  magnets  22  feet  long. 
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These  cost  about  $50,000  each  or  a  total  of  about  $6.5  mil¬ 
lion.  These  130  magnets  were  produced  as  part  of  the  en¬ 

gineering  R&D  effort  to  develop  the  mass  production  tech¬ 
niques  needed  to  build  the  magnets  needed  for  the  acceler¬ 
ator,  as  well  as  to  develop  a  good  magnet  design.  None  of 

these  first  130  magnets  were  acceptable  for  use  in  the  ac¬ 
celerator.  DOE  officials  told  us  that  these  magnets  are 
being  used  in  experimental  beam  lines  at  Fermilab  as  an  en¬ 
ergy  conservation  measure.  Brookhaven  has  been  building 
magnets  on  a  prototype  basis  and  has  also  encountered  prob¬ 
lems  in  attaining  the  desired  quality. 

According  to  laboratory  officials,  some  coordination  on 
superconducting  magnets  between  Lawrence  Berkeley,  Fermilab, 
and  Brookhaven  has  taken  place.  They  said  they  have  had  joint 
visits,  exchanged  information,  and  shared  experiences.  How¬ 
ever,  they  said  each  laboratory  encountered  unique  problems 
that  needed  special  solutions,  and  they  have  not  worked  close¬ 
ly  together  on  specific  magnet  designs.  In  March  1980,  DOE 
took  a  step  toward  improving  coordination  by  forming  a  Super¬ 
conducting  Magnet  Technology  Coordinating  Committee. 

According  to  DOE  officials,  unexpected  problems  encoun¬ 
tered  in  the  superconducting  magnet  efforts  have  tended  to 
reduce  accelerator  R&D  funds  available  for  developing  new 
technology  for  the  next  generation  of  accelerators.  In  this 
regard,  the  Director  at  Stanford  pointed  out  that  greater 
emphasis  needs  to  be  placed  on  the  long-term  development  of 
new  technologies  to  advance  the  state-of-the-art  for  new  ac¬ 
celerators.  He  noted  that  a  disproportionate  R&D  effort  has 
been  expended  on  already  authorized  or  soon  to  be  authorized 
construction  projects.  He  considered  new  technology  abso¬ 
lutely  essential  to  increasing  accelerator  energies  at  a 
reasonable  cost. 

The  concern  that  long-term  accelerator  R&D  has  been 
inadequate  is  shared  by  DOE's  High  Energy  Physics  Advisory 
Panel.  In  May  1980,  a  subpanel  on  accelerator  R&D  submitted 
a  report  to  the  full  Panel,  which  the  Panel  endorsed.  The 
subpanel  reviewed  the  overall  scope  and  quality  of  U.S.  accel¬ 
erator  R&D,  focusing  on  issues  related  to  the  long-term  future 
of  the  field.  The  subpanel  reported  that  greater  efforts  are 
needed  to  reduce  the  costs  of  future  accelerators.  It  recom¬ 
mended  that  the  amount  of  resources  allocated  to  long-range 
accelerator  R&D  should  be  raised  from  between  1  and  1-1/2  per¬ 
cent  of  operating  expenses  up  to  about  4  percent. 

Accelerator  utilization 


Accelerator  utilization  has  been  near  50  percent,  com¬ 
pared  to  the  70  to  75  percent  proposed  in  1975  or  the  85 
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percent  the  physics  community  considers  optimal.  Experiment¬ 
alists  complained  that  insufficient  funds  have  limited  labora¬ 
tory  support  and  needed  experimental  equipment.  This  in  turn, 
has  delayed  and  stretched  out  experiments,  reduced  their 
scope,  and  lowered  researchers'  morale. 

Accelerator  utilization  rates  are  used  by  program  man¬ 
agers  to  measure  the  ratio  of  research  output  to  that  possible 
with  a  given  physical  plant.  Since  high  energy  physics  output 
is  difficult  to  quantify  objectively,  utilization  is  measured 
by  the  delivery  of  the  accelerator  beam.  While  some  disagree¬ 
ment  exists  within  the  physics  community  as  to  the  best  method 
of  measuring  accelerator  utilization,  measurements  generally 
focus  on  the  pulses,  or  number  of  particles  delivered,  and  on 
the  hours  of  accelerator  operations.  The  utilization  rates 
for  fiscal  years  1979-81,  as  computed  by  DOE  for  DOE-supported 
accelerators,  are  shown  below. 


Percent  of 

utilization 

(note  a) 

Accelerator 

1979 

1980 

1981 

(note  b) 

(note  b) 

Fermilab 

54 

53 

49 

Alternating  Gradient 
Synchrotron 

51 

54 

50 

Stanford  linear  accel¬ 
erator 

26 

27 

27 

Stanford  Positron  Electron 
Asymmetric  Ring 

82 

41 

41 

Positron  Electron  Project 

(c) 

82 

82 

a/DOE's  formula  for  computing  utilization  rates  is: 

Utilization  *  -  -  hours  operated  x  pulse  rate  used 

practical  maximum  hours  optimum  pulse  rate 


b/Estimated . 
c/Not  operational. 

The  U.S.  program's  utilization  of  accelerators,  as  indi¬ 
cated  by  the  rates  shown  above,  is  considerably  lower  than  the 
70  to  75  percent  sought  in  the  proposed  1975  program  strategy 
or  the  85  percent  the  physics  community  considers  optimum.  In 
comparison,  CERN's  utilization  rates  range  from  about  72  to 
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95  percent  and  West  Germany's  are  from  about  80  to  92  percent. 
Much  of  this  gap  can  be  explained  by  increasing  costs  of  oper¬ 
ating  accelerators  and  a  funding  level  that  is  about  $50  mil¬ 
lion  lower  than  that  assumed  in  the  proposed  program  strategy. 

The  accelerator  laboratories,  which  are  large  consumers 
of  electric  power,  face  increasing  power  rates.  Brookhaven’s 
power  rate  recently  jumped  nearly  50  percent.  Stanford's  oper¬ 
ation  of  the  Positron  Electron  Project  will  require  more  power 
at  higher  rates;  and  its  annual  power  bill  is  expected  to  in¬ 
crease  from  about  $2  million  to  $5  million.  Fermilab's  annual 
electrical  bill  is  expected  to  increase  20  to  25  percent  when 
its  contract  for  electricity  expires  in  1981.  While  power 
costs  have  been  the  most  visible,  the  laboratories  point  out 
that  other  costs  of  operations  have  also  increased  beyond  ad¬ 
justments  for  inflation. 

In  1977,  a  subpanel  on  new  facilities  of  the  High  Energy 
Physics  Advisory  Panel  reported  that  one  of  the  consequences 
of  a  program  funded  at  about  $300  million  in  1978  dollars 
would  be  utilization  rates  of  about  50  percent.  Since  the 
current  funding  level  is  approximately  that  amount  in  constant 
dollars,  the  low  utilization  rates  should  not  be  surprising. 

However  logical  the  explanation,  low  utilization  rates 
are  not  desirable.  To  produce  scientific  results,  the  Na¬ 
tion's  physicists  must  exploit  the  accelerators  that  have  been 
built.  A  former  laboratory  director  compared  the  current  sit¬ 
uation  to  building  a  "Cadillac"  and  not  providing  the  gas  to 
operate  it. 

University  experimentalists 
heed  additional  support 

In  recent  years,  the  number  of  U.S.  institutions  (about 
80)  and  physicists  (about  1,100)  involved  in  high  energy  phys¬ 
ics  experiments  have  remained  relatively  constant.  Mean¬ 
while,  accelerators  and  particle  detectors  have  declined  in 
number  as  their  costs  and  sophistication  have  risen.  Despite 
such  reductions  these  institutions  and  physicists  can  produc¬ 
tively  contribute  to  experiments,  which  have  become  increas¬ 
ingly  larger  and  complex  and  thus  require  more  collaborations 
among  research  groups.  From  a  purely  short-range  financial 
view,  fewer  groups  might  carry  out  the  essential  physics  more 
efficiently.  However,  having  a  larger  number  of  participat¬ 
ing  groups  is  generally  recognized  as  helping  to  promote  inno¬ 
vative  ideas  and  allowing  more  students  and  university  scien¬ 
tists  to  have  firsthand  research  experience.  The  problem 
university  experimentalists  face  is  that  as  the  sophistication 
of  experiments  has  increased,  so  have  their  costs. 
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The  accelerator  laboratories  have  internal  research 
groups  which  conduct  a  substantial  part  of  the  research  at 
their  respective  laboratories.  However,  the  majority  of  the 
physics  research  continues  to  be  carried  out  by  university 
faculty  and  students,  despite  the  difficulties  of  working  at 
a  distance  from  the  campus  and  of  financing  experiments. 

Many  of  the  participating  universities'  support  groups 
have  not  kept  up  with  the  technological  pace  of  high  energy 
physics.  For  example,  many  universities  lack  the  needed  com¬ 
puter  facilities.  This,  combined  with  larger  and  more  complex 
experiments,  has  required  increasing  portions  of  the  research 
to  be  carried  out  at  the  large  laboratories  with  increasing 
support  from  laboratory  personnel.  While  a  laboratory's  in- 
house  physics  research  group  conducts  physics  research,  it 
also  provides  support  services  and  direction  to  the  overall 
experimental  program  and  assistance  to  the  university  users. 
Each  laboratory  determines  the  strength  and  breadth  of  its  in- 
house  staff  by  the  amount  of  support  it  provides  for  physics 
research  and  other  technical  support  in  its  annual  operating 
budget . 

Experimentalist  complaints 
at  Fermilab 


A  number  of  prominent  physicists  and  user  groups  have 
complained  about  the  inadequacy  of  research  support  from  Fer¬ 
milab.  In  1977,  seven  physicists,  including  a  Nobel  Prize 
winner,  wrote  to  laboratory  management  that  a  stronger  group 
of  in-house  physicists  was  needed  to  provide  improved  assist¬ 
ance.  Similarly,  user  groups  have  complained  about  inadequate 
technical  and  engineering  assistance  at  Fermilab. 

The  impact  of  research  support  by  Fermilab  is  quite 
significant  because  about  half  of  all  high  energy  physics  ex¬ 
periments  conducted  in  the  United  States  are  carried  out  at  the 
laboratory.  This  is  largely  because  of  its  greater  capability 
for  handling  simultaneous  experiments,  as  shown  below: 


Laboratory 

Typical  number  of 
experimental ■ setups 

Typical  number 
of  simultaneously 
operating  setups 

Fermilab 

26 

15 

Brookhaven 

9 

5 

Stanford  (note  a) 

13 

9 

a/Includes  the  Positron  Electron  Project. 
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The  Director  of  Fermilab  said  the  laboratory  has  been 
aware  of  the  need  to  increase  research  support  for  several 
years.  He  pointed  out  that  the  laboratory  has  frequently  ad¬ 
vised  DOE  of  the  need  for  greater  staffing  and  is  seeking  to 
add  about  50  research  positions.  However,  he  added  that  the 
R&D  needs  of  the  construction  efforts  at  the  laboratory  cur¬ 
rently  have  priority,  and  he  lacks  the  resources  to  increase 
physics  research  support. 

Besides  the  low  level  of  research  support,  user  groups 
have  complained  about  inadequate  technical  and  engineering 
assistance  at  Fermilab.  The  laboratory  once  tried  to  resolve 
this  problem  by  distributing  a  list  of  local  electronics  firms 
and  suggesting  that  the  user  groups  hire  their  own  technical 
support  from  firms  on  that  list.  More  recently,  the  labora¬ 
tory  director  stated,  the  laboratory  reduced  the  number  of 
experiments  to  increase  the  support  for  each. 

Support  from  funding  agencies 

According  to  some  university  experimentalists,  funds  for 
technical  and  engineering  support  and  for  detectors  and  other 
equipment  are  almost  always  less  than  optimal  for  their  exper¬ 
iments.  They  noted  that  their  contracts  or  grants  are  usually 
negotiated  at  a  level  slightly  below  what  is  needed  to  com¬ 
plete  the  experiment.  Several  groups  complained  that  funding 
limitations  have  forced  them  to  reduce  the  scale  of  experi¬ 
ments  or  delay  construction  of  detectors  and  other  large  ap¬ 
paratus.  One  experimentalist  said  his  project  took  8  years 
to  complete  when  it  should  have  taken  4.  He  said  such  slow¬ 
downs  waste  scientific  talent  and  jeopardize  the  careers  of 
young  physicists;  in  frustration  some  young  physicists  decide 
to  pursue  other  fields. 

In  light  of  the  funding  levels,  however,  a  program  of¬ 
ficial  believed  DOE  has  stretched  out  funds  and  supported 
university  groups  better  than  anyone  in  the  physics  commun¬ 
ity  thought  possible.  The  official  said  equipment  has  been 
"scrounged"  and  experimental  collaborations  have  been  encour¬ 
aged.  Foundation  program  officials  similarly  reported  they 
only  fund  essential  equipment,  and  experimentalists  often 
have  to  make  do  with  what  they  already  have  or  can  borrow. 

In  addition,  Foundation  officials  said  they  have  stretched 
funds  by  reducing  support  to  about  six  university  research 
groups  to  "maintenance  levels" — amounts  for  the  physicists' 
salaries  and  travel  expenses,  but  no  funds  for  equipment  or 
technical  support. 

Thus,  university  experimentalists  are  finding  it  pro¬ 
gressively  more  difficult  to  keep  up  with  the  evolving  tech¬ 
nology  needed  to  equip  increasingly  sophisticated  experiments. 
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The  Director  of  the  Stanford  Center  recently  suggested  that 
either  greater  amounts  of  funds  should  be  devoted  to  support¬ 
ing  university  researchers  or  the  program  may  have  to  reduce 
the  number  of  researchers  supported  so  that  those  remaining 
have  adequate  funding.  However,  another  alternative  might  be 
to  shift  some  of  the  emphasis  from  lew  construction  and  broad 
equipment  capabilities  toward  support  for  specific  experi¬ 
ments  . 


Since  establishing  the  program's  funding  level  at  $300 
million  per  year,  plus  inflation,  for  fiscal  years  1979 
through  1984,  DOE  did  not  document  in  program  plans  how  or 
to  what  extent  each  of  the  program's  key  elements  were  to 
be  carried  out.  DOE  initiated  a  study  which  was  to  develop 
near-,  mid-,  and  long-range  plans  for  present  and  increased 
funding  levels.  We  believe  the  development  of  such  plans  is 
commendable  and  should  be  instituted  formally  on  a  periodic 
basis . 


In  the  absence  of  such  plans,  the  program  has  emphasized 
construction,  while  other  key  program  elements  such  as  long- 
range  accelerator  R&D,  accelerator  utilization,  and  experimen¬ 
tal  research  support  have  been  inadequately  funded.  Although 
the  physics  community  believes  this  emphasis  to  be  appropri¬ 
ate,  the  stretched-out  funding  over  these  latter  elements  may 
adversely  affect  the  posture  of  the  U.S.  program.  Inadequate 
funding  of  long-range  accelerator  R&D  may  preclude  the  U.S. 
development  of  new  technologies  needed  for  the  next  generation 
of  accelerators.  Low  accelerator  utilization  and  experimental 
research  support  limits  or  stretches  out  current  research  ef¬ 
forts,  which  adversely  affects  the  morale  of  physicists,  and 
might  result  in  a  transfer  of  top  physicists  to  other  nations 
or  the  most  brilliant  graduate  students  to  other  scientific 
fields.  Thus,  present  efforts  may  help  maintain  a  leadership 
position  by  providing  the  needed  accelerator  capabilities,  but 
the  U.S.  program  may  lack  the  technology  for  future  accelerators 
and/or  the  top  physicists  needed  to  make  the  discoveries  which 
represent  leadership. 

While  developing  plans  to  fit  the  funding  level  should 
help,  we  believe  the  biggej  issue  of  possible  alternative  ob¬ 
jectives  still  remains.  In  light  of  our  concern,  we  discuss 
some  alternative  policy  options  in  the  following  chapter. 
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CHAPTER  5 


SELECTED  POLICY  OPTIONS  FOR  THE 

u.s.  high  Energy  physiCS  pr6gram 

In  view  of  the  problems  the  high  energy  physics  program 
has  encountered  in  apparently  trying  to  do  more  than  limited 
resources  would  allow,  we  explored  the  costs  and  ramifications 
of  alternative  policy  options.  The  international  standing  of 
the  (J.S.  program  has  been,  and  will  continue  to  be,  one  of 
the  key  factors  setting  the  pace  of  accelerator  construction, 
which  in  turn  is  a  major  factor  in  establishing  the  level  of 
funding  needed.  With  increasing  costs  of  high  energy  physics 
and  competition  from  Western  Europe,  this  may  be  the  appropri¬ 
ate  time  to  reconsider  the  desired  international  standing  and/ 
or  approach  for  achieving  it.  To  achieve  the  desired  inter¬ 
national  standing,  a  cohesive  plan  should  be  established  and 
funding  levels  consistent  for  carrying  it  out  should  be  pro¬ 
vided  . 

To  explore  the  ramifications  of  some  alternative  poli¬ 
cies,  we  asked  laboratory  and  agency  officials  what  actions 
they  would  undertake  under  the  following  policy  options. 

— To  lead  the  world  in  all  frontiers  of  high  energy 
physics . 

— To  be  competitive  in  all  frontiers,  lead  in  none. 

— To  forget  about  leadership  and  competitiveness  and 
work  in  unison  with  European  counterparts  through 
greater  cooperation  and  collaboration. 

— To  pull  out  of  competition  and  reduce  U.S.  efforts 
to  a  derivative  mode,  in  which  the  major  experimental 
work  in  the  field  would  take  place  abroad. 

For  each  of  these  options,  we  obtained  input  from  laboratory 
and  program  officials  to  derive  a  probable  strategy,  estimate 
minimal  and  optimal  costs  in  fiscal  year  1979  dollars  of  carry¬ 
ing  out  that  strategy,  and  identify  the  advantages  and  dis¬ 
advantages  of  pursuing  the  option,  during  the  1980s.  Our  re¬ 
quests  to  the  laboratories  and  their  responses  are  discussed 
further  in  appendix  IV. 

The  laboratories'  responses  were  directed  at  the  techni¬ 
cal  frontiers  of  high  energy  research  as  defined  in  terms  of 
accelerator  capabilities.  For  the  1980s,  three  frontiers  are 
generally  recognized. 
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— Collisions  between  proton  beams  and/or  proton- 
antiproton  beams. 

--Collisions  between  an  electron  beam  and  a  positron 
beam . 

--Collisions  of  proton  beams  against  fixed  targets. 

These  three  frontiers  are  the  main  thrust  of  current  plans  and 
are  likely  to  be  pursued  at  specific  laboratory  sites.  How¬ 
ever,  other  capabilities  also  may  be  developed.  For  example, 
a  site  providing  collisions  between  proton  beams  might  also 
develop  proton-electron  collision  capabilities. 

Aside  from  the  above  stated  four  options  various  mixed 
approaches  are  possible.  Laboratories  could  pursue  their  re¬ 
spective  technical  frontiers  with  different  levels  of  empha¬ 
sis.  For  example,  the  United  States  could  decide  to  lead  at 
one  laboratory,  compete  at  another,  and  be  in  a  derivative 
mode  at  a  third.  For  this  mixed  option,  we  extrapolated  a 
few  of  the  many  possible  mixes  from  the  data  provided. 

From  a  practical  standpoint,  a  multitude  of  possible 
strategies  exist  under  each  policy  option.  The  appropriate 
strategy  to  be  pursued  under  each  policy  option  should  be 
determined  not  only  with  scientific  and  technical  input  and 
judgments,  but  with  input  as  to  possible  funding  levels.  We 
developed  strategies  based  on  laboratories'  and  agencies'  in¬ 
put.  We  recognize  that  these  strategies  may  not  be  the  most 
practical  to  pursue  under  each  option.  We  are  presenting  the 
following  policy  options,  strategies,  and  possible  costs  to 
merely  illustrate  that  alternative  policies  have  significant 
impacts  on  the  strategy  to  be  pursued  and  the  amount  of  funds 
needed  to  carry  out  that  strategy. 

WORLD  LEADERSHIP  IN  ALL 
FRdNTIERS 


To  lead  the  world  in  all  frontiers  of  high  energy  phys¬ 
ics  research,  the  three  major  accelerator  centers — Stanford, 
Brookhaven,  and  Fermilab — would  each  build  a  high  energy  ac¬ 
celerator  and  operate  it  at  the  optimum  level.  They  and  the 
other  three  laboratories — Argonne,  Lawrence  Berkeley,  and 
Cornell — would  exploit  their  facilities  to  the  fullest.  Pro¬ 
gram  officials  would  expand  university  research  efforts,  com¬ 
puter  capabilities,  and  staff. 

This  approach  would  maximize  the  benefits  to  be  derived 
from  high  energy  physics  research.  Once  the  frontline  ma¬ 
chines  became  fully  operational,  U.S.  researchers  would  have 
the  tools  needed  to  make  major  new  discoveries  in  the  field. 
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The  main  drawback  to  this  option  is  its  cost — about  double 
the  funding  level  now  authorized.  Some  science  policy  experts 
and  program  officials  point  out  that  the  United  States  does 
not  have  to  pursue  everything  that  the  physicists  or  labora¬ 
tories  believe  is  needed  and  that  a  preeminent  U.S.  program 
can  be  achieved  at  less  cost. 

Probable  strategy  and  cost 

Fermilab  would  build  a  1-TeV,  fixed-target  proton  accel¬ 
erator  by  1982  for  leadership  through  the  late  1980s  and  an¬ 
other  accelerator  by  1988  at  energies  of  up  to  5-TeV.  Labora¬ 
tory  officials  envisioned  that  the  second  accelerator  would 
yield  the  highest  energy  proton-antiproton,  proton-proton,  and 
proton-electron  colliding  beams  in  the  world  through  the  early 
2000s. 

In  its  bid  to  lead  in  electron-positron  collision  re¬ 
search,  the  Stanford  laboratory  would  improve  and  fully  ex¬ 
ploit  its  existing  accelerators.  In  addition,  beginning  in 
1983,  Stanford  would  construct  a  new  facility  to  compete  with 
the  large  electron-positron  accelerator  proposed  by  Western 
Europe . 

Under  currently  approved  construction  plans,  Brookhaven’s 
Isabelle  would  lead  in  proton-proton  physics  during  the  late 
1980s.  Brookhaven  envisions  constructing  Isabelle  with  two 
additional  experimental  areas  and  further  improving  and  ex¬ 
ploiting  the  Alternating  Gradient  Synchrotron. 

The  other  U.S.  laboratories  indicated  that  under  a  policy 
of  leadership  they  would  expand  their  existing  efforts.  For 
example,  Lawrence  Berkeley  Laboratory,  which  supports  Stan¬ 
ford’s  efforts,  envisioned  a  75-percent  increase  in  staffing. 

For  the  universities,  a  policy  of  world  dominance  would 
mean  expanded  efforts,  including  greater  participation,  more 
sophisticated  experiments,  and  the  development  of  better  in¬ 
struments.  DOE  and  Foundation  officials  projected  a  25-  to 
30-percent  increase  in  funding  for  university  research. 

The  probable  increase  in  university  research  funding 
combined  with  the  strategy  proposed  by  the  laboratories  would 
require  an  average  annual  budget  of  between  $678  million  and 
$761  million  in  the  1980s.  As  the  graph  showing  the  optimal 
budget  on  the  following  page  indicates,  the  funding  needs  un¬ 
der  this  option  could  increase  to  over  $900  million  a  year  (in 
1979  dollars)  by  the  mid-1980s.  The  graph  reflects  a  slight 
decrease  in  the  late  1980s;  this  decrease  probably  reflects  a 
current  absence  of  laboratory  construction  plans  for  that 
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period.  Funding  levels  for  the  late  1980s,  therefore,  could 
exceed  $1  billion  annually,  instead  of  declining. 


DOE  program  staff  pointed  out  the  sum  of  the  individual 
responses  to  a  particular  option  can  result  in  duplicative  ef¬ 
forts  and  an  overstated  program.  The  three  major  laboratory 
centers  currently  have  accelerators  using  different  technol¬ 
ogies,  but  the  laboratories'  proposed  efforts  under  this  op¬ 
tion  appeared  to  overlap.  A  multiplicity  of  efforts  would 
help  ensure  that  significant  discoveries  are  made  and  we  be¬ 
lieve  some  duplication  would  exist  under  this  option.  None¬ 
theless,  we  eliminated  some  apparent  duplications.  After 
eliminating  such  duplications,  we  estimate  the  average  annual 
budget  needed  would  range  from  $598  million  to  $669  million 
a  year  during  1980-89,  or  about  twice  the  current  level. 

Advantages  and  disadvantages 

Some  laboratory  officials  were  enthusiastic  about  the 
benefits  of  a  U.S.  program  for  leadership  in  each  frontier, 
while  others  believed  such  an  option  too  costly  and  imprac¬ 
tical.  Stanford  officials  visualized  maximum  flexibility  of 
experimentation  and  predicted  substantial  contributions  to 
other  fields  of  basic  research.  Fermilab  and  Brookhaven  of¬ 
ficials  had  similar  views.  For  example,  Fermilab  officials 
stated  : 

"The  excitement  generated  by  U.S.  supremacy  will 
surely  sway  young  students,  winning  back  those  we 
have  lost  by  the  'relevancy'  issues  of  1968  and 
by  the  budget  cuts  of  the  past  10  years.  The  sub¬ 
sequent  strengthening  of  the  basic  research  pos¬ 
ture  of  the  U.S.  will  win  international  respect." 

Program  officials  were  concerned  with  the  duplicative 
efforts  that  such  a  program  might  entail.  DOE  program  staff 
noted  that  essentially  duplicative  efforts  might  be  pursued 
within  the  United  States  because  it  would  reduce  the  risks  of 
failure  and  enhance  the  probabilities  of  making  significant 
discoveries.  One  Foundation  official  told  us  that  program 
managers  are  responsible  for  effectively  managing  and  allocat¬ 
ing  resources  to  achieve  the  desired  balanced  program.  He 
believed  it  would  be  irresponsible  to  pursue  everything  that 
the  laboratory  directors  thought  was  needed. 

The  new  projects  envisioned  by  the  laboratories  under 
this  option  would  depend  heavily  on  the  results  of  substantial 
R&D.  This  can  be  viewed  as  both  an  advantage  and  a  disadvan¬ 
tage.  On  one  hand,  the  state-of-the-art  for  accelerators  and 
equipment  would  be  pushed,  and  more  technological  spinoffs  may 
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result.  On  the  other  hand,  a  larger  investment  in  accelerator 
and  equipment  R&D  would  be  necessary. 

Perhaps  the  overriding  disadvantage  of  a  world  leadership 
effort  on  all  frontiers  is  its  cost.  This  approach  may  double 
current  funding  levels  and  if  the  overall  basic  research  fund¬ 
ing  is  not  also  increased  this  could  require  reduced  funding 
levels  for  other  basic  science  fields. 

Even  if  large  amounts  of  funds  were  spent  for  high  energy 
physics,  world  leadership  in  each  frontier  may  not  be  attain¬ 
able.  Europe  is  considering  building  a  large  positron-electron 
accelerator  at  CERN.  This  machine  is  to  be  built  using  the 
latest  state-of-the-art  and  cost  about  $1  billion.  Similarly, 
the  Soviet  Union  has  approved  plans  for  constructing  a  3-TeV 
fixed-target  proton  accelerator.  Thus,  some  officials  pointed 
out  that  a  program  of  world  leadership  in  each  frontier  may 
not  only  be  undesirable,  but  may  be  impractical. 

COMPETITION  ON  ALL  FRONTIERS 

Under  a  policy  of  competition  in  each  frontier,  the 
United  States  would  endeavor  to  make  a  fair  share  of  the  major 
discoveries  with  competitive  accelerators.  This  option  offers 
essentially  the  same  advantages  and  disadvantages  as  the  world 
leadership  option,  but  to  a  lesser  degree.  On  the  other  hand, 
if  the  U.S.  program  fails  to  make  a  fair  share  of  the  discov¬ 
eries  the  enthusiasm  of  U.S.  researchers  might  be  dampened. 

A  competitive  approach  would  cost  less  than  world  leadership 
in  each  frontier,  yet  considerably  more  than  current  budget 
levels . 

Probable  strategy  and  cost 

Brookhaven  would  complete  Isabelle  in  1986,  as  currently 
scheduled,  and  add  some  experimental  facilities.  Actually, 
Brookhaven  would  clearly  have  the  world  leader  proton-proton 
colliding  beam  accelerator  because  another  of  equally  high 
energy  and  luminosity  probably  will  not  be  built. 

For  this  option,  Fermilab  included  only  its  currently 
authorized  "Energy  Saver"  as  a  major  improvement  and  proposed 
to  carry  out  R&D  for  the  1-TeV  accelerator.  Officials  pointed 
out  that  their  present  accelerator  with  the  Energy  Saver  will 
compare  favorably  with  its  European  counterpart,  but  not  with 
the  Soviets'  proposed  3-TeV  machi-.ie. 

Stanford  proposed  to  extensively  exploit  its  acceler¬ 
ators,  provide  improvements  sooner  than  currently  envisioned, 
and  in  1989  begin  constructing  the  new  laboratory  proposed 
under  the  world  leadership  option.  Laboratory  officials 
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believe  the  current  DOE  program  significantly  underuses  exist 
ing  facilities  and  provides  improvements  too  late  to  compete 
with  the  Europeans. 

Argonne  proposed  to  make  minor  improvements  to  the  Zero 
Gradient  Synchrotron  1/  and  operate  it  6  months  per  year 
through  fiscal  year  1U85.  Argonne  officials  reasoned  that 
continued  operation  would  maintain  the  U.S.  lead  in  polarized 
proton  physics. 

Cornell's  Wilson  laboratory  proposed  to  increase  the 
energy  of  its  new  accelerator  and  construct  an  additional  ex¬ 
perimental  facility.  Wilson  officials  indicated  such  improve 
ments  will  compete  favorably  with  efforts  in  other  countries 
and  may  provide  opportunities  for  getting  results  not  achiev¬ 
able  elsewhere.  Under  a  minimal  budget,  the  laboratory  did 
not  include  these  improvements. 

Agency  program  officials  envisioned  university  funding 
increases  of  about  10  percent  are  needed  to  compete  in  dis¬ 
covering  and  better  understanding  phenomena.  DOE  and  Founda¬ 
tion  officials  noted  that  universities'  engineering  and  in¬ 
strument  development  efforts  need  to  be  strengthened. 

As  the  graph  on  the  following  page  indicates,  to  main¬ 
tain  a  competitive  effort  on  three  frontiers,  the  funding 
needs  will  increase  through  the  1980s,  reaching  nearly  $600 
million  (in  1979  dollars)  in  1989.  Such  an  effort  averaged 
over  10  years  would  cost  the  United  States  between  $376  mil¬ 
lion  and  $471  million  a  year  (in  1979  dollars)  during  the 
1980s.  This  level  is  16  to  45  percent  more  than  what  is 
currently  being  provided. 

Advantages  and  disadvantages 

The  competitive  option  provides  a  multiplicity  of  ef¬ 
forts,  but  offers  considerably  reduced  advantages  compared  to 
world  leadership  in  each  frontier.  Technological  spinoffs, 
for  example,  would  be  less  likely  because  accelerator  develop 
ment  would  not  be  pushed  to  the  state-of-the-art.  The  incen¬ 
tive  for  prospective  young  scientists  to  enter  the  field  and 
for  top  scientists  to  remain  may  be  similarly  reduced. 

This  option  would  maintain  the  diversity  of  U.S.  ef¬ 
forts,  offering  geographically  dispersed  high  energy  physics 


1/Argonne’s  accelerator  ceased  operations  on  October  1,  1979; 
Argonne' s  input  to  the  options  was  provided  prior  to  the 
shutdown . 
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laboratories  with  different  capabilities.  U.S.  experimenters 
would  continue  to  have  opportunities  to  use  different  types  of 
U.S.  accelerators.  This  diversity  would  also  assure  that  some 
U.S.  physicists  will  be  experimenting  on  the  frontier  where 
the  major  discoveries  eventually  will  be  made. 

One  problem  with  a  competitive  effort  is  that  the  labo¬ 
ratory  officials'  attitude  appears  to  shift  to  "only"  stay  on 
a  par  with  the  competition,  which  increases  the  risk  of  "com¬ 
ing  in  second."  While  some  new  electron-positron  and  electron- 
proton  capabilities  were  proposed,  Europe  is  expected  to  make 
even  greater  leaps  in  these  frontiers  in  the  1980s.  In  addi¬ 
tion,  Europe  is  currently  building  an  antiproton-proton  ring, 
which  will  have  3  years  to  “skim  some  of  the  cream"  from  Fer- 
milab's  higher  energy  antiproton-proton  rings'  research  ob¬ 
jectives  before  that  machine  begins  operation  in  1984. 

In  summary,  a  competitive  effort  as  outlined  by  labo¬ 
ratory  and  program  officials  would  cost  considerably  more 
than  currently  provided,  yet  may  risk  the  United  States  fall¬ 
ing  behind  in  making  the  major  physics  discoveries.  While 
the  benefits  of  diversity  are  continued,  the  constraint  to 
be  "only"  competitive  seems  to  dampen  the  drive  to  be  first 
with  the  impetus  for  developing  new  accelerators  apparently 
left  to  others. 


WORLD  UNIFICATION 

Although  high  energy  physics  has  traditionally  involved 
substantial  international  collaboration  in  experiments,  a 
major  factor  in  the  program  has  been  competition.  As  the 
higher  energy  accelerators  have  become  more  expensive  to 
build,  however,  governments  have  begun  to  realize  the  imprac- 
ticality  of  competing  on  all  frontiers.  This  realization 
could  lead  to  a  focus  away  from  international  competition 
and  toward  joint  exploration  of  the  frontiers  of  high  energy 
physics. 

Probable  strategy  and  cost 

During  the  1980s,  U.S.  action  under  a  world  unification 
option  might  be  similar  to  that  under  a  selected-frontier 
option  discussed  beginning  on  page  89.  However,  the  United 
States  would  encourage  increased  international  cooperation. 
Possible  steps  in  this  direction  include  deemphasizing  com¬ 
petitive  efforts,  seeking  agreements  for  accelerator  use  and 
cost-sharing,  cooperating  in  the  construction  and  operation 
of  accelerators,  and  eventually  sharing  in  the  development  of 
a  world  accelerator  center. 


The  United  States  could  withdraw  from  competition  in 
those  frontiers  that  other  nations  are  concentrating  on,  and 
possibly  focus  resources  to  a  frontier  of  its  own.  With  the 
increasing  costs  of  new  higher  energy  accelerators,  such  an 
approach  may  naturally  evolve.  For  example,  the  Chairman, 
International  Committee  on  Future  Accelerators,  recently  noted 
that  if  current  plans  are  carried  out,  by  1989  each  of  the 
major  competitors  in  high  energy  physics  will  have  one  fron¬ 
tier  machine: 

— The  United  States'  accelerator,  called  Isabelle,  to 
be  operational  in  1986,  will  have  the  highest  energy 
proton-proton  colliding  beams. 

— Western  Europe  will  have  the  large  electron-positron 
colliding  beam  accelerator.  Although  this  machine 
has  not  yet  received  approval,  considerable  planning 
has  been  completed  and  it  is  expected  to  be  in  oper¬ 
ation  by  1988. 

--The  Soviet  Union  will  have  the  leading  fixed-target 
proton  accelerator.  This  machine  has  been  approved 
for  construction  and  is  expected  to  begin  operations 
about  1988. 

If  the  United  States  were  to  pursue  this  approach  with 
Isabelle  as  the  frontier  accelerator  and  the  other  U.S.  labo¬ 
ratories  having  derivative  roles,  the  average  annual  U.S.  pro¬ 
gram  cost  in  1979  dollars  over  this  decade  would  range  from 
about  $251  million  to  $295  million. 

Under  a  world  unification  policy,  formal,  multilateral 
agreements  might  be  developed  to  assure  international  access 
to  different  types  of  accelerators.  Formal  agreements  might 
also  provide  for  cost-sharing  arrangements.  The  United  States 
already  has  formal  agreements  with  China,  Japan,  and  the  Sovi¬ 
et  Union  for  cooperative  programs.  Although  U.S.  experiment¬ 
ers  frequently  work  at  European  laboratories  and  vice  versa, 
these  collaborative  efforts  have  been  arranged  informally. 

Thus  far,  the  United  States  has  independently  funded  the 
construction  and  operation  of  its  accelerators.  In  contrast, 
12  European  nations  have  pooled  their  resources  since  1955  at 
the  CERN  accelerator  laboratory.  The  possibility  of  building 
"interregional"  laboratories,  with  the  cooperation  of  the  na¬ 
tions  on  different  continents,  has  been  discussed  since  the 
early  1960s,  but  little  action  has  been  taken  in  this  direc¬ 
tion. 

In  responding  to  the  unification  option,  Fermilab  and 
Stanford  suggested  large  interregional  accelerator  projects. 
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Fermilab  proposed  that  the  United  States  would  pick  up  one- 
third  of  the  expense  of  the  5-TeV  project  it  proposed  under 
the  world  leadership  option.  Stanford  expected  international 
R&D  support  during  the  1980s  but  left  undefined  the  amounts 
of  construction  and  operating  funds  to  be  shared  because  most 
such  costs  would  be  incurred  in  the  1990s.  Since  Brookhaven 
is  already  constructing  a  frontier-type  accelerator,  labora¬ 
tory  officials  did  not  believe  an  interregionally  funded  ac¬ 
celerator  would  be  appropriate  at  that  site.  Program  staff 
envisioned  a  10-  to  15-percent  increase  in  university  support 
under  this  approach. 

While  a  number  of  alternatives  are  possible,  if  an  inter¬ 
national  cooperative  effort  was  initiated  in  this  approach, 
the  estimated  U.S.  average  annual  cost  would  be  from  $439  mil¬ 
lion  to  $516  million.  Much  of  these  funds,  however,  would 
be  needed  in  the  latter  half  of  the  decade  after  joint  con¬ 
struction  efforts  are  initiated.  The  graph  on  the  following 
page  indicates  that  if  this  approach  were  optimally  funded, 
the  program's  budget  may  rise  to  nearly  $600  million  by  1989. 

Advantages  and  disadvantages 

Emphasis  on  unifying  high  energy  physics  research  world¬ 
wide  may  permit  the  United  States  to  limit  investments  in  ac¬ 
celerator  construction  during  the  late  1980s,  while  assuring 
U.S.  physicists  access  to  frontier  accelerators  and  fostering 
a  spirit  of  international  cooperation  and  understanding.  Such 
a  policy,  however,  will  have  to  overcome  a  reluctance  of  na¬ 
tions  to  participate  in  international  high  energy  physics  ven¬ 
tures  and  the  additional  "red  tape"  which  would  be  involved. 

The  advantages  and  disadvantages  of  focusing  U.S.  ef¬ 
forts  on  Isabelle's  proton-proton  capabilities  would  be  simi¬ 
lar  to  those  under  a  selective  approach.  The  United  States 
can  continue  frontier  physics  at  less  cost,  but  risk  having 
most  of  the  significant  physics  discoveries  found  in  other 
frontiers.  Some  science  policy  experts  told  us  that  the  U.S. 
needs  to  have  frontier  physics  capabilities  to  keep  other  na¬ 
tions  interested  in  collaboration.  Hence,  if  emphasis  is 
focused  solely  on  proton-proton  physics,  the  United  States 
may  risk  losing  access  to  frontier  physics  accelerators, 
should  other  frontiers  prove  to  be  more  significant. 

The  principal  advantage  of  a  strategy  involving  the  joint 
funding  of  accelerators  is  that  it  would  assure  U.S.  physi¬ 
cists  access  to  the  world's  best  accelerators,  even  if  they 
are  not  built  in  the  United  States.  For  example,  a  Foundation 
program  official  told  us  that  the  "only  way"  to  assure  U.S. 
physicists  have  access  to  an  accelerator  is  to  at  least  par¬ 
tially  fund  it.  He  illustrated  this  by  discussing  CERN's 
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proposed  large  electron-positron  accelerator.  When  built, 
many  U.S.  physicists  will  probably  want  to  carry  out  experi¬ 
ments  on  it.  While  the  top  U.S.  physicists  with  innovative 
experiments  will  probably  be  given  access  to  the  accelerator, 
he  believed  that  CERN  would  have  to  assure  its  member  nations 
that  their  physicists  also  have  access.  Hence,  he  thought 
CERN  (1)  would  require  that  its  member  nations*  physicists 
collaborate  in  experiments  and  (2)  may  limit  the  number  of 
U.S.  physicists  allowed  access  to  its  accelerator.  This  of¬ 
ficial  said  that  U.S.  physicists  would  not  be  able  to  inde¬ 
pendently  carry  out  experiments,  and  many  good  proposed  phys¬ 
ics  experiments  may  be  denied  access  to  the  accelerator.  On 
the  other  hand,  if  the  United  States  helped  fund  the  accel¬ 
erator,  he  believed  that  U.S.  physicists  would  be  granted  ac¬ 
cess  on  the  basis  of  scientific  merit. 

The  international  high  energy  physics  community,  how¬ 
ever,  is  seeking  to  assure  that  physicists  have  access  to  the 
world's  accelerators  without  joint  funding.  In  this  regard, 
physicists  of  many  nations  are  represented  by  the  Internation 
al  Committee  for  Future  Accelerators.  In  October  1979,  the 
Committee  proposed  worldwide  adoption  of  a  policy  that  all 
experiments  be  selected  for  an  accelerator  on  the  basis  of 
scientific  merit.  The  Committee  is  currently  seeking  endorse 
ment  of  such  a  policy  by  each  region  and/or  nation  involved 
in  high  energy  physics.  However,  whether  nations  would  be 
willing  to  invest  funds  in  building  an  accelerator  and  not 
have  any  assurance  that  their  physicists  have  access  to  ex¬ 
periment  on  it  is  uncertain. 

A  major  drawback  to  the  joint  funding  of  construction 
appears  to  be  the  reluctance  of  all  parties  to  participate 
in  a  worldwide  venture.  This  reluctance,  according  to  DOE 
program  staff,  is  because  of  concern  over  where  the  acceler¬ 
ator  will  be  located  and  how  it  will  be  managed.  Each  prin¬ 
cipal  region — the  United  States,  Western  Europe,  and  the 
Soviet  Union — wants  such  an  accelerator  built  within  their 
respective  regions.  With  many  national  and  regional  inter¬ 
ests  involved,  DOE  staff  are  concerned  that  the  management 
of  such  an  accelerator  would  be  a  "bureaucratic  tangle"  and 
U.S.  access  for  experiments  may  be  limited  to  a  "fair  share." 
However,  DOE  program  staff  told  us  the  United  States  would 
follow  such  an  approach  if  it  becomes  the  "only  way"  to  pur¬ 
sue  the  desired  physics. 

Another  factor,  national  pride,  has  been  a  motivating 
factor  in  funding  the  research.  Thus,  the  elimination  or 
reduction  of  such  emphasis  may  reduce  national  interest  in 
contributing  the  funds  needed  to  extend  the  research  fron¬ 
tiers. 
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Although  talk  of  worldwide  collaborative  efforts  has 
persisted  since  the  early  1960s,  current  discussions  center 
on  the  “next  generation  after  the  next"  accelerators  which 
would  cost  in  the  range  of  $10  billion.  The  Director  of  the 
Stanford  Center  and  the  Chairman  of  the  High  Energy  Physics 
Advisory  Panel  said  that  joint  funding  of  accelerator  con¬ 
struction  would  be  premature  dur ing  the  1980s.  They  and  some 
DOE  program  staff  noted  that  while  joint  funding  of  one-of- 
a-kind  facilities  saves  any  one  geographical  region  construc¬ 
tion  costi,  the  need  for  travel,  logistics,  and  the  bureau¬ 
cratic  effort  of  managing  such  an  interregional  laboratory 
would  partially  offset  this  savings.  Furthermore,  only  a 
part  of  the  facility  would  be  available  to  any  one  region, 
and  would  lead  to  less  physics  per  dollar.  These  officials 
believed  that  jointly  funded  construction  projects  should  be 
avoided  as  long  as  reasonable  alternatives  exist.  In  this 
regard,  the  Chairman,  International  Committee  for  Future 
Accelerators,  suggested  that  increasing  costs  may  result  in 
all  frontier  accelerator  capabilities  existing  at  one  world 
site  by  the  mid-1990s.  This  presumably  would  involve  par¬ 
ticipation  and  contributions  by  each  nation  involved  in  high 
energy  physics . 

DERIVATIVE  PARTICIPATION 

Under  derivative  participation,  the  United  States  would 
support  smaller  accelerator  facilities,  along  with  theorists 
and  experimentalists  who  would  do  frontier  research  abroad. 
Laboratory  and  agency  officials  viewed  such  an  approach  as  a 
disaster  that  would  sacrifice  most  of  the  program's  benefits. 

Probable  strategy  and  cost 

The  large  U.S.  accelerators  would  be  gradually  phased 
out  of  operation  during  the  1980s.  Fermilab  officials  would 
shut  down  their  laboratory  by  1986.  Stanford  would  exploit 
its  Positron  Electron  Project  without  major  modification  until 
1987,  when  it  would  become  an  academic  center.  The  construc¬ 
tion  of  Isabelle  would  probably  be  abandoned.  Cornell  would 
phase  its  accelerator  out  by  1986,  but  would  continue  research 
and  equipment  R&D.  The  other  laboratories  are  essentially 
heading  toward  derivative  roles  at  present,  but  would  further 
reduce  their  efforts.  University  support  would  be  reduced 
because  of  dwindling  opportunities  for  experimentation.  A  few 
universities  with  strong  programs  might  collaborate  on  exper¬ 
iments  at  European  centers.  Annual  costs  would  average  around 
$200  million  during  the  1980s,  with  most  of  the  costs  in  the 
early  1980s  as  a  scaledown  of  efforts  begin.  The  graph  on  the 
following  page  indicates  that  costs  may  level  off  at  about  $60 
million  a  year  (in  1979  dollars)  by  1988. 
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Advantages  and  disadvantages 


The  principal  advantage  of  a  derivative  approach  would  be 
to  reduce  the  funding  levels  for  high  energy  physics.  The 
country  could  use  moneys  "saved"  for  carrying  out  R&D  directed 
toward  achieving  practical  solutions  to  the  Nation's  present 
problems.  Such  an  approach,  though  tempting  in  times  of  con¬ 
strained  budgets,  may  have  long-term  adverse  effects. 

Laboratory  and  program  officials  viewed  the  derivative 
option  as  a  disaster  to  the  program's  purposes.  For  example, 
Brookhaven  officials  pointed  out: 

"To  be  less  than  competitive  in  high  energy  phys¬ 
ics  is  tantamount  to  losing  the  first  rate  minds 
to  other  areas.  The  less  inventive,  the  less 
motivated,  the  plodders  will  take  over  and  the 
brillance,  the  leadership  will  be  gone  from  high 
energy  physics  *  * 

Laboratory  officials  envisioned  top  personnel  departing  to 
other  fields  or  nations,  opportunities  for  young  physicists 
being  curtailed,  and  the  quality  and  quantity  of  publications 
being  reduced.  In  addition  to  these  effects,  DOE  program 
staff  believed  the  effect  on  university  instruction  would  be 
"catastrophic"  and  U.S.  researchers  would  have  little  chance 
of  making  major  physics  discoveries. 

WORLD  LEADERSHIP  OR  COMPETITION 
US  -gEEbCTED-FRONTTERS - 


Another  option  is  for  the  United  States  to  concentrate 
on  one  or  two  frontiers.  This  approach  would  sacrifice  some 
of  the  benefits  of  diversity  in  favor  of  maintaining  a  good 
chance  of  making  major  discoveries.  Under  this  approach,  pro¬ 
gram  managers  would  have  to  make  some  difficult  choices. 

Possible  strategies  andcost 

Under  this  option,  the  Nation  would  choose  from  the  range 
of  possibilities  for  each  laboratory:  a  world  leadership 
mode,  a  competitive  mode,  or  a  derivative  mode.  We  asked  DOE 
program  officials  to  provid<  us  the  most  probable  strategy 
under  a  selected  approach.  They  did  not  believe  all  the  ini¬ 
tiatives  proposed  by  the  laboratories  should  be  pursued,  but 
said  the  appropriate  strategy  requires  extensive  scientific 
and  technical  judgment.  Subsequent  to  our  inquiry,  they  re¬ 
quested  the  High  Energy  Physics  Advisory  Panel  to  study  the 
facility  needs  and  the  funding  level  needed  to  maintain  a  vi¬ 
able  U.S.  program.  In  August  1979,  the  Advisory  Panel  estab¬ 
lished  a  subcommittee  to  study  the  funding  level  needed  in 
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light  of  increasing  operating  costs,  increasing  competition 
from  Western  Europe,  and  the  need  to  provide  flexibility  to 
fund  new  construction  initiatives.  The  subcommittee  reported 
on  the  results  of  its  study  in  April  1980  (see  app.  V). 

The  subcommittee  reported  that  a  preeminent,  competitive 
program  would  require  a  funding  level  about  20  percent  high¬ 
er,  after  inflation,  over  the  level  set  forth  in  the  DOE/OMB 
agreement.  In  1982  dollars,  the  subcommittee  recommended 
funding  at  $500  million  in  fiscal  year  1982  and  $545  million 
annually  in  each  of  the  4  subsequent  years.  The  program  set 
forth  by  the  subcommittee  included 

— utilization  of  accelerators  at  about  50  percent, 
substantial  increases  in  user  group  and  new  equip¬ 
ment  support; 

— completion  of  construction  of  Isabelle  and  the  Energy 
Saver  ; 

— increase  of  the  Stanford  linear  accelerator's  ener¬ 
gies  to  50  GeV;  and 

— construction  of  the  1-TeV  x  1-TeV  antiproton-proton 
collider,  1-TeV  proton  fixed-target  accelerator,  and 
a  50-Gev  x  50-GeV  electron-positron  collider. 

The  subcommittee  did  not  estimate  needed  budget  levels  for 
1987  to  1990,  but  stated  that  higher  energy  machines  such  as 
the  5-TeV  Pentevac ,  a  5-TeV  x  5-TeV  proton-proton  collider, 
and  a  colliding  electron-positron  linear  accelerator  with 
energies  of  up  to  1-TeV  center  of  mass  may  be  possible. 

Although  the  subcommittee  presented  its  report  to  the 
High  Energy  Physics  Advisory  Panel  in  May  1980,  the  Panel  de¬ 
cided  not  to  adopt  the  report.  Instead,  the  report  was  pro¬ 
vided  to  a  subpanel  studying  what  a  balanced,  healthy  U.S. 
program  should  consist  of.  The  subpanel's  study  was  completed 
in  June  1980  and  its  report  issued  in  July  1980. 

In  the  absence  of  a  clearly  stated  strategy  for  this 
option,  we  arbitrarily  selected  four  of  the  many  strategies 
possible  for  illustrative  purposes: 

— Strategy  A:  Strive  for  world  leadership  at  Brookhaven 
and  Fermilab;  keep  Stanford  competitive. 

— Strategy  B:  Strive  for  world  leadership  at  Stanford: 
keep  Brookhaven  and  Fermilab  competitive. 
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— Strategy  C:  Keep  Stanford  and  Permilab  competitive: 
reduce  Brookhaven  to  a  derivative  role. 

— Strategy  D:  Keep  Brookhaven  competitive:  reduce 
Permilab  and  Stanford  to  derivative  roles. 

For  each  of  these  strategies,  we  assumed  a  derivative  role 
for  the  others — Argonne,  Lawrence  Berkeley,  and  Cornell.  As 
suggested  by  DOE  program  staff,  we  assumed  direct  funding 
levels  for  universities  to  be  20  percent  of  the  total  program 
budget.  Total  estimated  average  annual  costs  in  1979  dollars 
for  each  strategy  are  shown  below. 

Average  annual  cost 
Strategy  minimum  optimum 

(millions) 


A 

$556.9 

$648.8 

B 

504.6 

608.9 

C 

311.7 

426.7 

D 

250.6 

280.2 

Advantages  and  disadvantages 

OMB  and  DOE  officials  told  us  that  each  U.S.  laboratory 
does  not  necessarily  have  to  be  the  world  leader  in  each 
technological  frontier  for  the  United  States  to  have  a  pre¬ 
eminent  program.  They  pointed  out  that  the  diversity  of 
approaches  helps  achieve  a  preeminent  program.  Thus,  a  prin¬ 
cipal  advantage  of  such  an  approach  would  be  that  a  program 
designed  for  U.S.  preeminence  in  the  field  might  be  attained 
at  less  cost  than  if  world  leadership  or  competitiveness  were 
sought  at  each  laboratory.  A  factor  in  this  option  is  that 
judgments  as  to  which  frontiers  to  pursue  are  not  easy  to 
make.  DOE  program  officials  pointed  out  that  with  a  7-  to 
10-year  span  between  a  construction  proposal  and  the  start 
of  accelerator  operations  and  the  3-  to  4-year  span  between 
an  experimental  proposal  and  research  results,  choosing  the 
frontier  which  offers  the  best  opportunity  for  a  physics 
breakthrough  is  extremely  difficult  and  risky. 

Compounding  the  difficulty  of  this  decision  are  the 
harsh  consequences  for  the  laboratories  not  selected  to  pro¬ 
ceed  with  frontier  development.  Such  consequences  could  in¬ 
clude  the  loss  of  top  personnel,  the  abandonment  of  R&D  ef¬ 
forts,  a  reduction  in  opportunities  for  young  physicists,  and 
eventual  shutdown  of  high  energy  physics  facilities.  Yet 
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decisions  of  this  nature  have  been  faced  before,  such  as  the 
recent  shutdown  of  the  accelerator  at  Argonne . 


A  laboratory  director  of  a  medium  energy  physics  facil¬ 
ity  proposed  another  way  of  dealing  with  the  high  costs  of 
building  world  leading  accelerators.  He  told  us  that  rather 
than  trying  to  continuously  maintain  a  leadership  position 
in  selected  frontiers,  another  possibility  might  be  to  pursue 
a  •'leap-frog"  approach.  Under  such  an  approach,  the  United 
States  would  build  a  world  leading  accelerator  and  then  ex¬ 
ploit  it  for  the  maximum  amount  of  physics,  while  consciously 
allowing  other  nations  to  take  the  lead  with  accelerators 
they  may  build.  When  the  physics  with  the  U.S.  accelerator 
has  been  fully  exploited,  the  United  States  would  then  build 
another  world  leading  accelerator  to  regain  the  lead.  We 
did  not  seek  to  develop  such  an  approach,  but  it  does  raise 
interesting  possibilities  and  shows  that  possible  approaches 
other  than  those  we  have  discussed  merit  consideration. 
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CHAPTER  6 

CONCLUSIONS,  RECOMMENDATIONS, 

AND  MATTERS  FOR  CONSIDERATION 
BY  THE  CONGRESS 

CONCLUSIONS 

The  United  States  is  seeking  to  maintain  a  leadership 
position  in  high  energy  physics  with  a  program  which,  in 
fiscal  year  1980,  is  supported  with  about  $350  million  in 
Federal  funds.  The  United  States  once  dominated  the  field 
and  still  leads  the  world  in  terms  of  making  significant 
physics  discoveries.  World  leadership  is  considered  impor¬ 
tant  because  it  provides  a  nation's  or  group  of  nations' 
physicists  greater  opportunities  for  making  significant  phys¬ 
ics  discoveries.  With  increasing  costs  and  competition,  the 
U.S.  physics  community  is  concerned  that  the  leadership  is 
being  lost  to  Western  Europe.  Whether  leadership  in  high 
energy  physics  provides  greater  benefits  than  research  in 
other  basic  science  fields,  however,  is  not  clear. 

The  amount  of  Federal  funding  of  high  energy  physics  has 
been  largely  determined  with  little  apparent  consideration  to 
the  relative  merits  of  other  basic  sciences.  No  formal  cri¬ 
teria  have  been  established  for  accomplishing  this.  Instead, 
it  requires  subjective  judgments  on  the  part  of  knowledgeable 
decisionmakers.  A  study  is  needed  to  determine  the  appro¬ 
priate  level  of  funding  for  the  program  while  considering  the 
relative  merits  of  other  sciences.  Such  a  study  would  appear 
to  be  beyond  the  type  of  study  that  could  be  provided  by  DOE'S 
High  Energy  Physics  Advisory  Panel,  which  primarily  provides 
advice  on  factors  internal  to  the  field.  The  Panel,  however, 
could  pro*,  ide  input  on  the  program's  approach  to  various  pol¬ 
icy  options  or  alternatives.  The  National  Academy  of  Sciences 
has  had  prior  experience  in  making  similar  studies  and  may  be 
a  good  source  for  input  on  the  relative  merits  of  the  basic 
sciences. 

We  believe  OSTP  should  lead  such  a  study.  OSTP  has  over¬ 
sight  responsibility  over  all  federally  funded  basic  science, 
works  with  OMB  in  developing  the  budgets,  and  generally  could 
provide  a  broader  perspective  than  a  single  agency  such  as 
DOE  or  the  Foundation.  Recognizing  OSTP's  limited  staff  re¬ 
sources,  the  study  could  be  conducted  by  a  work  group  com¬ 
prised  of  scientific  or  technical  experts  as  well  as  individ¬ 
uals  having  a  broad  policy  perspective  and  familiarity  with 
the  Government's  involvement  in  science  and  technology.  To 
supplement  its  staff  with  such  expertise,  OSTP  may  wish  to 
hire  consultants  and/or  have  staff  detailed  from  Federal  of¬ 
fices  or  agencies,  such  as  OMB,  DOE  and  the  Foundation.  OSTP 
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may  also  want  to  consider  obtaining  input  from  DOE's  High 
Energy  Physics  Advisory  Panel  and/or  the  National  Academy  of 
Sciences.  In  any  case,  to  ensure  objectivity,  we  believe 
OSTP  should  assume  full  responsibility  over  the  conduct  and 
completion  of  the  study. 

DOE  has  primary  responsibility  for  implementing  a  sound 
national  program,  but  it  has  not  established  clearly  visible 
detailed  program  plans  which  address  how  or  to  what  extent 
each  of  the  program's  key  elements  are  to  be  carried  out  under 
the  presently  agreed  upon  funding  levels.  DOE  initiated  a 
study,  conducted  by  its  Advisory  Panel,  which  was  to  develop 
near-,  mid-,  and  long-range  plans  for  present  and  increased 
funding  levels.  We  believe  the  development  of  such  plans  is 
commendable  and  should  be  instituted  formally  on  a  periodic 
basis  and  submitted  to  the  Congress  for  its  information  and 
use  in  carrying  out  budgetary  and  oversight  responsibilities. 

In  the  absence  of  such  plans,  the  physics  community  has 
emphasized  construction  while  other  key  program  elements  such 
as  long-range  accelerator  R&D,  accelerator  utilization,  and 
experimental  research  support  have  suffered.  New  construction 
may  provide  the  tools  needed  to  maintain  a  leadership  posi¬ 
tion,  but  the  posture  of  the  U.S.  program  still  may  be  adverse¬ 
ly  affected.  Inadequate  funding  of  long-range  accelerator  R&D 
may  preclude  the  U.S.  development  of  new  technologies  needed 
for  the  next  generation  of  accelerators.  Low  accelerator 
utilization  and  experimental  research  support  limit  or  stretch 
out  current  research  efforts  which  adversely  affect  the  morale 
of  physicists.  This  might  result  in  a  transfer  of  top  phys¬ 
icists  to  other  nations  or  the  most  brilliant  graduate  stu¬ 
dents  to  other  scientific  fields.  Thus,  present  efforts  may 
help  maintain  a  leadership  position  by  providing  the  needed 
accelerator  capabilities,  but  the  U.S.  program  may  lack  the 
technology  for  future  accelerators  and/or  the  top  physicists 
needed  to  make  the  discoveries  which  represent  leadership. 

In  our  view,  the  program  has  been  faced  with  trying  to  do 
more  than  available  funds  would  allow.  Thus,  the  alternatives 
appear  to  be  to  either  change  the  objectives  or  better  fund 
the  program.  Accordingly,  we  believe  the  program's  objective 
with  respect  to  its  desired  international  standing  and  the 
funding  and  strategy  for  achieving  that  objective  need  to  be 
reconsidered  in  light  of  its  needs  and  importance  relative  to 
other  basic  sciences. 

A  number  of  policy  alternatives  and  approaches  are  avail¬ 
able  for  the  U.S.  high  energy  physics  program,  each  of  which 
offer  advantages  and  disadvantages.  An  approach  of  seek¬ 
ing  world  leadership  in  each  technological  frontier,  while 
maximizing  most  of  the  program's  benefits,  would  be  extremely 
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costly.  A  competitive  approach  in  each  frontier  accelerator- 
technology  would  preserve  the  program's  diversity,  but  would 
also  be  expensive  and  risk  a  second-best  effort.  A  world  uni¬ 
fication  approach  would  foster  better  international  relations, 
but  coordination  and  logistical  problems  would  have  to  be 
solved.  A  derivative  approach  would  minimize  costs,  but  also 
the  benefits.  A  selective  approach  offers  the  opportunity  to 
support  frontier  physics  at  less  cost,  but  would  involve  some 
difficult  decisions  and  harsh  impacts  on  some  laboratories 
and  universities.  This  latter  approach  appears  to  offer  the 
best  possibility  of  maintaining  a  preeminent  U.S.  program  at 
or  near  current  funding  levels. 

On  the  other  hand,  the  OSTP-led  study  we  are  proposing 
may  find  that  additional  or  fewer  funds  are  warranted.  Since 
we  did  not  attempt  to  determine  the  appropriate  level  of  fund¬ 
ing,  which  would  necessarily  consider  all  basic  sciences,  we 
will  not  suggest  a  specific  objective  and/or  strategy  to  be 
pursued.  Our  exploration  of  policy  alternatives  shows  that 
a  given  policy  and  strategy  should  not  be  pursued  without 
first  considering  the  amount  of  funds  needed  and  available. 

RECOMMENDATIONS 

In  his  capacity  of  having  broad  oversight  responsibility 
over  all  federally  funded  basic  science,  we  recommend  the 
Director,  OSTP,  assemble  a  work  group  comprised  of  scientific 
and  technical  experts  as  well  as  individuals  having  a  broad 
policy  perspective  and  familiarity  with  the  Government's  in¬ 
volvement  in  science  and  technology — to  determine  the  appro¬ 
priate  objectives  and  level  for  funding  of  the  U.S.  high  en¬ 
ergy  physics  program,  considering  factors  impacting  on  its 
needs  and  importance  relative  to  other  basic  sciences.  Based 
on  the  results  of  such  a  study,  we  recommend  the  Director, 
OSTP,  prepare  a  policy  paper  setting  forth  the  objectives 
of  the  U.S.  program,  a  strategy  for  achieving  such  objectives 
and  the  appropriate  annual  funding  levels  for  carrying  out 
the  strategy.  Such  funding  levels  should  consider  projected 
amounts  for  major  functions  such  as  construction,  accelerator 
operations,  accelerator  R&D ,  equipment,  equipment  R&D ,  and 
physics  research.  We  further  recommend  that  the  Director, 
OSTP,  consult  with  the  appropriate  oversight  committees  of 
the  Congress  for  their  views  and  input  in  helping  to  formu¬ 
late  the  policy. 

We  recommend  that  the  Directors,  OMB  and  the  National 
Science  Foundation,  and  the  Secretary  of  Energy  fully  cooper¬ 
ate  in  the  study. 

In  carrying  out  his  responsibility  for  implementing  a 
sound  national  high  energy  physics  program,  we  recommend  that 
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the  Secretary  of  Energy,  formally  institute  the  development 
of  near-,  mid-,  and  long-range  plans  on  a  periodic  basis. 
This  would  ensure  that  agreed  upon  program  objectives  and 
strategies  are  appropriately  pursued.  To  provide  visibility 
over  the  direction  of  the  program,  we  recommend  these  plans 
be  submitted  to  the  Congress  for  its  information  and  use  in 
carrying  out  its  budgetary  and  oversight  responsibilities. 

MATTERS  FOR  CONSIDERATION 
BY  THE  CONGRESS 


The  long-term  nature  of  the  benefits  to  be  derived  makes 
the  determination  of  the  appropriate  Federal  support  for  basic 
research  programs  an  extremely  difficult  and  subjective  mat¬ 
ter.  To  help  ensure  that  the  U.S.  high  energy  physics  program 
is  appropriately  funded,  its  needs  and  importance  relative  to 
research  in  other  basic  sciences  should  be  considered. 

Also,  funding  levels  must  be  adequate  for  the  strategy 
pursued  to  achieve  the  program's  overall  policy  objectives. 
This  has  not  been  the  case  so  far  in  the  U.S.  high  energy 
physics  program,  where  funding  levels  have  been  stretched 
too  thinly  and  may  be  jeopardizing  the  vitality  of  the  U.S. 
program.  Accordingly,  as  noted  above,  we  are  recommending 
that  OS TP  study  the  situation  and  develop  the  most  suitable 
policy  objectives,  strategies,  and  funding  levels  for  the 
U.S.  program.  We  are  also  recommending  that  OSTP  consult 
with  the  appropriate  congressional  oversight  committees  for 
views  and  input.  We  believe  the  Congress,  through  its  posi¬ 
tion  of  having  oversight  and  budgetary  responsibilities  over 
all  Federal  basic  science  programs,  could  provide  valuable 
input  into  the  final  determination  of  what  the  overall  ob¬ 
jectives  of  the  U.S.  high  energy  physics  program  should  be, 
as  well  as  the  appropriate  strategies  and  necessary  funding 
levels.  The  committees  can  provide  such  input  as  part  of 
normal  oversight  activities  or  during  specific  hearings  on 
the  U.S.  program. 

Once  program  objectives  and  strategies  are  established  or 
reaffirmed,  and  plans  are  clearly  visible,  the  Congress  should 
be  in  a  better  position  to  ensure  that  integrity  is  maintained 
between  program  objectives,  plans,  and  budgets. 
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CHAPTER  7 


AGENCIES'  AND  LABORATORIES' 

COMMENTS  AND  (5UF  EVALUATION 

Copies  of  a  draft  of  this  report  were  provided  to  the 
Department  of  Energy,  the  National  Science  Foundation,  the 
Office  of  Science  and  Technology  Policy,  the  Office  of  Manage¬ 
ment  and  Budget,  and  six  laboratories  involved  in  high  energy 
physics  for  their  review  and  comment.  Generally,  they  were 
concerned  with  some  of  our  interpretations  of  the  facts  pre¬ 
sented  in  the  draft  report.  They  pointed  out  a  need  to  better 
recognize  the  scientific  merit  of  the  efforts  pursued  and 
merits  of  program  flexibility.  The  agencies  and  laboratories 
generally  disagreed  with  the  conclusions  and  recommendations 
of  the  draft  report.  The  full  text  of  the  comments  are  in¬ 
cluded  in  appendixes  VI  XV.  Several  of  our  expert  consultants 
made  similar  comments  in  commenting  on  the  draft  report. 

The  following  principal  concerns  or  points  were  ex¬ 
pressed: 

— Priorities  and  objectives  exist  for  the  program  and 
whether  an  OSTP-led  study  would  be  helpful  or  needed 
is  questionable. 

— Program  plans  and  strategies  exist  which  provide  some 
diversity  and  a  balanced  program. 

— The  priority  for  the  Cornell  Electron  Storage  Ring  in¬ 
creased  because  the  project  was  slightly  scoped  down 
and  the  existing  accelerator  was  shut  down  earlier  than 
previously  planned. 

— Proposed  actions  to  improve  accountability  would  limit 
flexibility  which  is  needed  for  future  successes. 

— Additional  funds  needed  are  not  as  great  as  the  draft 
report  implied. 

— The  policy  options  presented  in  the  draft  do  not  re¬ 
flect  present  program  goals  and  are  not  realistic. 

— The  output  of  the  U.S.  program  is  not  measured. 

Some  additional  concerns  were  expressed  on  specific  statements 
or  facts  presented  in  the  draft. 

We  carefully  considered  the  comments  and,  where  appropri¬ 
ate,  made  changes  which  are  reflected  throughout  this  report. 
Although  substantial  changes  were  made  to  portions  of  the  draft 
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report,  including  substitution  of  recommendations  intended  to 
help  ensure  integrity  between  funding  and  the  efforts  pursued, 
this  report's  basic  thrust  remains  the  same.  The  principal 
changes  made  are  discussed  below  along  with  the  concerns  and 
points  expressed  by  the  agencies  and  laboratories. 

PRIORITIES  AND  OBJECTIVES  IN 
THE  CONTEXT  OF  ALL  BASIC  SCIENCES 

The  agencies  and  laboratories  generally  agreed  that  an 
appropriate  balance  among  basic  sciences  should  be  considered 
in  establishing  national  priorities  and  goals  for  the  pro¬ 
gram.  However,  some  noted  that  this  was  already  being  done, 
and  those  commenting  generally  questioned  whether  an  OSTP-led 
study  of  this  issue  would  be  helpful  or  needed.  Although  we 
recognize  that  such  a  study  would  necessarily  involve  largely 
subjective  determinations,  we  believe  the  national  priorities 
c^lcl  be  better  established  among  the  basic  sciences. 

Several  noted  that  priorities  and  goals  are  already  being 
established  in  the  context  of  all  sciences.  The  Foundation 
noted  that  few  analytical  tools  exist,  but  stated  that  it  has 
and  will  continue  to  examine  the  complex  problem  of  a  balance 
of  support  among  scientific  fields  through  its  planning  and 
budgeting  activities.  OSTP,  Argonne ,  Lawrence  Berkeley,  and 
Stanford  noted  that  DOE'S  High  Energy  Physics  Advisory  Panel 
already  provides  advice  on  the  overall  program.  OSTP  also 
stated  that  DOE  and  OMB  already  considered  the  appropriate 
balance  with  other  fields  in  establishing  the  DOE/OMB  funding 
agreement. 

Although  the  Foundation  considers  its  support  for  high 
energy  physics  in  the  context  of  its  support  for  all  basic 
sciences,  its  support  represents  only  about  8  percent  of  the 
Federal  support  of  high  energy  physics.  The  balance,  or  92 
percent  of  the  Federal  support,  is  provided  by  DOE. 

During  our  review,  we  found  little  evidence  that  DOE 
and  OMB  considered  the  balance  of  Federal  support  among  basic 
sciences  in  agreeing  upon  DOE's  funding  support  of  high  ener¬ 
gy  physics  at  the  $300  million  level.  The  only  indication 
we  found  was  that  a  stabilized  funding  level  would  eliminate 
a  "bow  wave"  in  funding  which  may  adversely  affect  the  fund¬ 
ing  of  other  basic  sciences.  However,  the  level  of  support 
appeared  to  be  arrived  at  based  on  factors  internal  to  the 
field.  In  its  formal  comments,  DOE  referred  to  the  funding 
agreement  as  the  policy  and  plan  currently  being  followed. 

It  noted  that  this  was  based  on: 

"(1)  a  series  of  studies  at  Woods  Hole  in  1974, 

1975  and  1977  by  a  subpanel  of  the  High  Energy" 
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"Physics  Advisory  Panel  { HEPAP),  (2)  numerous  con¬ 
siderations  by  the  HEPAP  and  (3)  a  study  report, 

'Long  Term  Strategy  for  Construction  and  Opera¬ 
tion  of  High  Energy  Facilities'  issued  by  the 
Energy  Research  and  Development  Administration." 

Each  of  those  factors  are  largely  input  by  the  Advisory 
Panel.  The  first  two  factors  are  direct  input  by  the  Advisory 
Panel.  The  ERDA  study,  cited  as  the  third  factor,  was  largely 
based  on  input  by  the  Advisory  Panel.  The  ERDA  report  stated 
in  part: 

"The  scientific  justification  and  technical  feasi¬ 
bility  of  several  specific  construction  projects 
have  been  studied  within  a  general  long  range 
program  context  by  two  Subpanels  on  New  Facilities 
of  the  High  Energy  Physics  Advisory  Panel  (HEPAP), 
which  met  in  the  springs  of  1974  and  1975  respec¬ 
tively.  The  long  range  plans  and  priorities  of 
this  report  have  drawn  heavily  from  the  delibera¬ 
tions  of  these  two  Subpanels  and  from  an  extensive 
history  of  study  and  discussions  with  HEPAP." 

Hence,  the  agreement  was  largely  based  upon  input  by  the  High 
Energy  Physics  Advisory  Panel  and  its  subpanels. 

DOE's  High  Energy  Physics  Advisory  Panel  focuses  its  re¬ 
view  and  advice  on  matters  internal  to  the  field.  The  Advi¬ 
sory  Panel  has  two  members  from  other  science  fields,  but  its 
meetings  and  studies  focus  on  matters  directly  concerned  with 
high  energy  physics.  While  the  Panel  has  provided  advice  on 
various  levels  of  funding  in  the  past,  such  advice  has  been 
given  without  considering  the  balance  of  Federal  support  among 
the  basic  sciences.  Hence,  we  continue  to  believe  that  the 
appropriate  balance  of  Federal  support  among  the  basic  sci¬ 
ences  needs  to  be  considered  in  establishing  national  prior¬ 
ities  and  goals  for  the  program. 

Although  we  do  not  believe  DOE's  High  Energy  Physics 
Advisory  Panel  is  the  appropriate  entity  to  lead  the  study, 
it  may  be  a  good  source  of  input  to  the  study.  The  Panel's 
intrinsic  bias  toward  high  energy  physics,  in  our  opinion, 
would  not  be  conducive  to  determining  the  appropriate  level 
of  Federal  funding.  The  Panel,  however,  could  provide  input 
on  the  advantages  and  disadvantages  of  various  alternative 
policy  goals  and  cost  estimates  for  carrying  out  those  goals. 
The  Panel  could  also  advise  on  the  priorities  within  the 
field  of  achieving  various  goals.  Accordingly,  we  revised 
our  discussion  of  this  issue  to  reflect  a  possible  role  by 
DOE's  Advisory  Panel  in  the  recommended  study. 
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Some  agencies  and  laboratories  pointed  out  the  diffi¬ 
culty  of  making  a  study  of  the  appropriate  balance  among  basic 
sciences.  As  previously  noted,  the  Foundation  pointed  out  the 
complexity  of  the  problem.  DOE  stated  that  no  basis  from 
which  to  proceed  exists  for  designating  priorities  among  the 
federally  funded  basic  research  efforts.  Similarly,  Argonne 
pointed  out  that  it  is  most  unlikely  that  the  proposed  work 
group  could  do  more  than  define  various  policy  options.  It 
further  noted  that  comparisons  between  different  areas  of  sci¬ 
ence  are  almost  impossible  to  carry  out  in  an  objective  way, 
and  such  studies  are  not  likely  to  lead  to  results  that  are 
operationally  useful.  Lawrence  Berkeley  stated  that  such 
studies  are  no  more  than  educated  guesses.  Stanford  stated 
that  such  a  study  would  accomplish  little  and  would  probably 
lead  to  other  requests  for  similar  studies  for  funding  of 
other  basic  science  fields  competing  for  Federal  funds. 

While  such  a  study  will  be  extremely  difficult  and  in¬ 
volve  an  extensive  amount  of  subjective  judgment,  the  diffi¬ 
culty  or  subjectivity  of  a  study  should  not  preclude  it  from 
being  carried  out.  If  limited  amounts  of  Federal  funds  are 
to  be  available  for  basic  research,  as  has  been  the  case  in 
recent  years,  the  relative  priorities  of  the  various  efforts 
to  be  pursued  should  be  established.  In  this  regard  OMB 
pointed  out  in  its  formal  comments  that  significant  funding 
increases  should  not  be  recommended  without  addressing  cor¬ 
ollary  impacts  on  support  of  other  fields  of  science. 

Information  which  would  delineate  such  priorities  or 
impacts  is  not  presently  available  to  the  Congress.  In  the 
absence  of  formal  criteria  for  establishing  such  priorities 
on  a  purely  objective  basis,  we  still  believe  such  priorities 
should  be  established.  If  the  proposed  study  proves  to  be 
useful  to  the  Congress  in  establishing  appropriate  levels  of 
funding  for  high  energy  physics,  perhaps  similar  studies,  as 
mentioned  by  Stanford,  would  also  be  useful  in  establishing 
funding  levels  for  other  basic  science  fields. 

EXISTING  PLANS  AND  STRATEGIES 
PROVIDE" A~  BALANCED'  PROGRAM 

In  the  draft  we  presented  for  comment,  we  concluded  that 
the  program  appeared  to  overemphasize  accelerator  development 
and  construction  activities  to  the  detriment  of  other  key  pro¬ 
gram  elements.  The  agencies  and  laboratories  generally  stated 
that  our  proposed  draft  did  not  give  sufficient  consideration 
to  existing  program  plans  and  strategies  which  provide  some 
diversity  and  adequate  program  balance  in  light  of  constrained 
funding.  After  considering  their  comments  and  some  additional 
information  they  provided,  we  deleted  our  discussions  indicat¬ 
ing  that  an  overemphasis  has  been  placed  on  accelerator 
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development  and  construction  activities.  We  continue  to  point 
out,  however,  that  although  deemed  appropriate,  emphasis  has 
been  placed  on  such  activities  and  other  key  program  elements 
have  been  inadequately  funded. 

The  agencies  indicated  that  input  in  the  form  of  studies 
and  advice  by  DOE'S  High  Energy  Physics  Advisory  Panel  has 
been  the  basis  of  the  program's  plan  and  strategy.  DOE  refer¬ 
red  to  the  DOE/OMB  funding  agreement  as  the  plan  being  pursued. 
The  Foundation  stated  that  it  is  largely  dependent  on  DOE  for 
long-range  planning,  but  pointed  out  that  its  staff  partici¬ 
pates  in  DOE's  High  Energy  Physics  Advisory  Panel's  planning 
activities.  OSTP  noted  that  the  advisory  panel  mechanism  and 
the  DOE/OMB  agreement  are  seen  as  models  that  other  disci¬ 
plines,  such  as  nuclear  physics,  are  seeking  to  emulate. 

This  report  was  revised  to  state  that  the  DOE/OMB  agree¬ 
ment  is  considered  to  be  the  existing  plan.  We  had  previ¬ 
ously  indicated  that  the  1977  subpanel  of  the  High  Energy 
Physics  Advisory  Panel's  report  on  new  facilities  represented 
the  plan  being  generally  followed,  though  on  a  stretched  con¬ 
struction  schedule.  We  now  point  out  that  the  current  plan 
essentially  establishes  the  funding  level  at  $300  million  a 
year  in  1979  dollars.  This  level  is  about  $50  million  less 
than  the  level  recommended  by  the  High  Energy  Physics  Advi¬ 
sory  Panel.  However,  the  agreement  does  not  set  forth  spe¬ 
cific  projects,  other  than  Isabelle,  to  be  initiated,  nor 
does  it  set  forth  goals  for  other  key  program  elements  such 
as  accelerator  utilization  or  physics  research.  Although 
the  physics  community  agreed  to  the  level,  Stanford  pointed 
out  that  the  proper  term  may  be  "acquiesced  to."  We  revised 
the  wording  from  "concurred  with"  to  "agreed  to." 

Five  laboratories  indicated  that  the  program  is  balanced, 
considering  the  funding  constraints.  They  pointed  out  that 
the  new  machines  provide  needed  diversity  and  that  the  current 
emphasis  on  the  development  and  construction  of  accelerators 
is  appropriate.  For  example,  in  its  formal  comments,  Stanford 
stated,  in  part,  that: 

"The  Draft  Report  correctly  identifies  numerous 
institutions  where  development  and  construction 
of  new  facilities  has  been  carried  out  to  the 
detriment  of  the  ongoing  operations  of  the  re¬ 
search  program  using  existing  facilities.  Yet 
had  such  new  construction  not  been  initiated,  the 
program  would  have  faced  certain  obsolescence  and 
consequent  loss  of  leadership  and  productivity. 

It  can  easily  be  shown,  based  on  the  analysis 
,  of  the  time  cycles  involved,  that  a  long  range 

j  viable  program  which  is  a  precondition  to  world" 
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"leadership  demands  that  about  25%  of  total  funds 
be  allocated  to  new  construction.  The  failure 
o£  the  program  to  initiate  any  new  construction 
for  nine  years  after  authorization  of  Fermilab 
is  partially  responsible  for  the  current  world 
leadership  crisis  to  which  the  Draft  Report  is 
addressed . " 

Stanford  and  Fermilab  also  indicated  that  an  alternative 
methodology,  not  used  in  this  study,  would  have  to  be  used  to 
measure  output  before  one  could  conclude  that  an  overemphasis 
has  occurred  . 

The  current  emphasis  on  accelerator  development  and  con¬ 
struction  has  been  deemed  appropriate  by  the  consensus  of  the 
physics  community,  as  represented  by  the  High  Energy  Physics 
Advisory  Panel.  Since  this  is  largely  a  technical  judgment, 
we  deleted  our  conclusion  that  an  overemphasis  has  occurred. 
We  continue  to  point  out,  however,  that  the  emphasis  has  been 
on  construction,  and  other  key  program  elements  have  been  in¬ 
adequately  funded. 


PRIORITY  OF  THE  CORNELL 
ELECTRON  STORAGE  RING  ” 

The  Foundation  and  Cornell  objected  to  our  questioning  in 
the  draft  report  of  the  priority  for  constructing  the  Cornell 
Electron  Storage  Ring.  While  this  project  had  been  given  rel¬ 
atively  low  priority  by  DOE's  High  Energy  Physics  Advisory 
Panel,  they  stated  that  the  project  had  been  rescoped  and  the 
existing  accelerator  shut  down  earlier  to  reduce  costs  suffi¬ 
ciently  to  justify  its  construction.  They  also  indicated  that 
the  success  of  the  project  futher  justifies  the  support  pro¬ 
vided.  Argonne  similarly  commented  that  the  success  of  the 
project  justifies  the  support,  and  Fermilab  called  the  proj¬ 
ect  an  "inspired  investment." 

We  revised  our  discussion  of  the  project's  relative 
priority  to  reflect  the  change  in  the  project's  scope,  place 
greater  emphasis  on  its  scientific  merit,  and  acknowledge 
that  flexibility  has  merit.  We  no  longer  present  our  view 
on  whether  the  project  had  sufficient  priority  for  funding 
because  such  a  determination  is  largely  based  on  subjective 
scientific  and  technical  judgments. 

ACCOUNTABILITY  AND  FLEXIBILITY 

The  draft  report  we  provided  for  review  and  comment  in¬ 
cluded  a  proposed  chapter  on  the  need  to  improve  accounta¬ 
bility.  The  agencies  and  laboratories  strongly  objected  to 
our  interpretation  of  the  facts  presented  in  the  chapter. 


They  generally  pointed  out  the  successes  of  the  various  ef¬ 
forts  undertaken,  that  program  managers  are  aware  of  the  var¬ 
ious  efforts,  and  that  proposed  actions  to  improve  accounta¬ 
bility  would  greatly  restrict  the  flexibility  needed  to  re¬ 
spond  to  innovative  ideas  and  changes  in  the  desired  physics. 
We  received  similar  comments  from  several  of  our  expert  con¬ 
sultants. 

Our  proposed  chapter  had  focused  primarily  on  fiscal 
accountab  lity  and  had  given  little  consideration  to  the  sci¬ 
entific  merit  of  the  efforts  pursued.  We  therefore  reassess¬ 
ed  the  impact  of  our  proposed  actions  to  improve  fiscal  ac¬ 
countability  on  the  program.  The  physics  community  generally 
asserts  that  the  various  construction  projects  cited  in  the 
proposed  chapter  (those  cited  in  ch.  4  of  this  report)  are 
examples  of  scientifically  meritorious  efforts.  One  former 
laboratory  director  told  us  that  such  projects  justified  "cre¬ 
ative  accounting."  We  obtained  additional  information,  which 
generally  supports  the  views  that  the  projects  cited  are  deem¬ 
ed  to  be  scientifically  meritorious.  We  concluded  that  our 
proposed  "cure"  for  improved  fiscal  accountability  may  unduly 
restrict  the  physics  community  from  pursuing  similarly  meri¬ 
torious  projects  in  the  future.  Hence,  we  deleted  the  pro¬ 
posed  recommendations  intended  to  "improve"  fiscal  accounta¬ 
bility. 

Nonetheless,  we  do  not  agree  to  the  notion  that  "crea¬ 
tive  accounting"  is  justifiable  because  of  the  scientific 
merit  of  the  efforts  pursued.  Hence,  we  have  revised  this 
report  to  better  reflect  the  scientific  merit  of  the  efforts 
pursued  and  suggested  the  implementation  of  a  three-tier 
planning  and  budgeting  system.  Such  a  system  should  help 
minimize  the  need  for  "creative  accounting"  by  providing  the 
Congress  better  visibility  over  planned  activities,  while 
providing  the  program  flexibility  to  adjust  plans  to  respond 
to  innovative  initiatives  or  changing  physics  objectives. 

Since  we  made  a  substantial  change  in  the  thrust  of  our 
discussion,  conclusions,  and  recommendations  pertaining  to 
fiscal  accountability,  most  of  the  specific  comments  on  this 
subject  no  longer  apply  to  matters  included  in  this  report. 
Thus,  we  will  not  address  in  detail  each  comment  on  the  sub¬ 
ject.  On  the  other  hand,  the  extensive  comments  made  with 
respect  to  the  fiscal  accountability  over  the  Cornell  project 
seem  to  warrant  some  discussion. 

While  we  made  only  a  limited  examination  of  the  fiscal 
controls  exercised  by  the  Foundation  over  the  Cornell  project, 
we  had  concluded  that  the  contracting  officer's  fiscal  con¬ 
trols  appeared  to  be  inadequate  to  ensure  that  problems  en¬ 
countered  would  be  brought  to  management's  attention  in  a 
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timely  manner.  While  we  made  this  conclusion,  we  also  point¬ 
ed  out  that  we  did  not  note  that  any  technical  problems  had 
been  encountered  on  the  Cornell  construction  project.  Never¬ 
theless,  we  expressed  our  concern  that  problems  could  arise 
in  the  future  without  appropriate  management  attention.  To 
illustrate  the  nature  of  the  potential  problem,  we  cited 
previously  reported  problems  of  delays  and  cost  increases 
with  the  construction  of  the  Nevis  Synchrocyclotron,  1/  a 
medium-energy  accelerator. 

Subsequently,  Foundation  officials  provided  us  informa¬ 
tion  showing  that  additional  technical  monitoring  was  institu¬ 
ted  by  program  staff  after  problems  were  encountered  with  the 
Nevis  project.  Such  controls  included  periodic  technical  prog¬ 
ress  reports,  site  visits,  and  annual  reviews  by  Foundation- 
assembled  teams  of  experts  which  evaluated  the  technical  prog¬ 
ress.  During  our  review,  we  noted  those  technical  controls 
were  in  place.  The  Foundation  also  pointed  out  that  the  Cor¬ 
nell  project  has  now  been  essentially  completed  within  the 
schedule  and  estimated  cost.  Hence,  in  the  absence  of  any  ap¬ 
parent  adverse  effect,  we  do  not  discuss  the  fiscal  account¬ 
ability  over  the  Cornell  project  in  this  report. 

ADEQUACY  OF  FUNDING 

DOE,  the  Foundation,  OSTP,  and  some  laboratories  comment¬ 
ed  that  funding  has  not  kept  up  with  the  needs  of  the  field. 

DOE  states,  and  OSTP  implied,  that  the  amounts  needed  were  not 
as  great  as  implied  by  the  draft  report.  OMB  similarly  inter¬ 
preted  our  draft  report  to  call  for  increased  funding  and 
stated  it  would  be  extremely  difficult  to  agree  to  a  signifi¬ 
cant  increase  under  the  severe  budgetary  constraints  presently 
being  experienced.  Fermilab  commented  that  we  summed  up  the 
responses  of  all  laboratories  and  arrived  at  an  unreasonable 
cost.  Stanford  attributed  most  of  the  program's  problems  to 
be  a  result  of  a  shortfall  in  funding. 

Those  stating  that  the  draft  report  implied  an  unreason¬ 
ably  large  amount  of  funds  would  be  needed,  apparently  assumed 
we  were  advocating  that  a  policy  of  world  leadership  or  com¬ 
petitiveness  in  each  accelerator  technology  be  pursued.  This 
was  not,  nor  is,  the  case.  This  impression  was  probably  de¬ 
rived  from  the  absence  of  a  "preeminence"  option  in  the  draft 
report.  We  did  not  prepare  such  an  option  because  considerable 
scientific  and  technical  judgments  are  involved  in  developing 
the  probable  strategy  and  costs  of  such  an  option.  Instead, 


l/”Modernization  of  Nevis  Synchrocyclotron  Facility"  (PSAD' 
~  78-103,  May  23,  1978)  . 
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we  arbitrarily  presented  four  mixed  options  indicating  possi¬ 
ble  levels  of  efforts  at  the  various  laboratories. 

Subsequent  to  receiving  the  comments,  in  April  1980  a 
subcommittee  of  DOE's  High  Energy  Physics  Advisory  Panel 
reported  on  the  funding  support  required  to  ensure  a  preemi¬ 
nent  position.  This  report  refers  to  the  subcommittee  report 
in  chapter  5  and  includes  the  entire  report  in  appendix  V. 

We  basically  agree  with  Stanford's  observation  that  most 
of  the  problems  encountered  by  the  field  can  be  attributed  to 
a  shortfall  in  funds.  While  this  shortfall  could  have  been 
ameliorated  by  providing  more  funds,  we  continue  to  believe 
that  the  problems  could  also  have  been  resolved  by  making  dif¬ 
ficult  decisions  to  undertake  fewer  but  better-funded  efforts. 

POLICY  OPTIONS 


Related  to  the  concern  over  implied  funding  levels,  the 
agencies  and  laboratories  stated  that  the  options  do  not  re¬ 
flect  present  program  goals,  lack  scientific  judgment,  and 
place  undue  emphasis  on  competition,  and  that  dominance  was 
not  a  useful  goal.  As  with  the  concern  over  implied  funding 
levels,  we  added  the  discussion  of  DOE's  High  Energy  Physics 
Advisory  Committee's  subcommittee  report  on  a  "preeminent" 
program.  We  also  rephrased  the  dominant  option  in  the  draft 
to  being  the  world  leader  at  each  laboratory. 

The  options  we  present  in  this  report  do  not  reflect 
present  program  goals.  This  was  not  our  intent.  We  are  pre¬ 
senting  the  options  to  illustrate  the  potential  impact  rede¬ 
fining  the  policy  goals  could  have  on  the  program  strategy 
and  costs. 

In  regard  to  comments  that  the  options  lack  scientific 
judgment,  the  basic  input  was  provided  by  laboratory  and 
agency  program  officials  using  their  best  judgment.  Thus, 
we  believe  scientific  judgment  was  used  with  respect  to  the 
input  data.  As  some  agencies  and  laboratories  pointed  out 
and  as  indicated  in  our  presentation,  we  basically  summed 
up  the  input  for  the  various  options,  except  for  the  mixed 
options  which  arbitrarily  present  selected  input  from  various 
laboratories.  Under  the  at  umptions  made  for  the  various 
options,  we  believe  they  generally  reflect  possible  but  not 
necessarily  desirable  courses  of  action.  As  we  previously 
>  suggested,  the  most  prudent  course  of  action  should  be  deter¬ 
mined  by  a  work  group  of  experts,  possibly  using  input  from 
the  physics  community. 

With  respect  to  the  concern  that  we  placed  undue  emphasis 
on  competition,  perhaps  this  reflects  a  feeling  that  the 
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program  should  no  longer  compete  on  each  technological  fron¬ 
tier  and,  instead,  work  toward  an  international  mode.  Compe¬ 
tition  has  been  a  major  factor  in  setting  the  pace  of  the 
program  in  recent  years.  If  competition  is  not  considered 
important,  the  desired  physics  might  be  attainable,  from  a 
worldwide  perspective,  through  regional  emphasis  on  specific, 
but  different,  accelerator  technologies. 

ALTERNATIVE  METHODOLOGY 


Stanford  and  Fermilab  criticized  the  methodology  we 
used  in  this  study.  Stanford  said  that  we  did  not  consider 
how  the  output  of  the  U.S.  program,  as  measured  in  terms  of 
science  produced,  should  be  gauged,  let  alone  optimized. 
Fermilab  more  specifically  stated  that  the  fundamental  issue 
should  be  whether  high  energy  physics,  funded  at  a  level  of 
about  $400  million  in  fiscal  year  1980,  will  provide  a  return 
to  society  which  justifies  the  effort.  Fermilab  also  sug¬ 
gested  addressing  some  questions  designed  to  provide  cost- 
benefit  data  on  which  to  base  judgments  as  to  the  health  of 
the  field. 

We  believe  that  much  of  Stanford's  and  Fermilab' s  con¬ 
cern  over  the  methodology  has  been  mitigated  by  revisions 
incorporated  into  this  report.  However,  we  discuss  below  our 
view  of  the  merit  of  pursuing  Fermilab' s  proposed  questions. 
The  questions  were: 

"1.)  Given  the  inventory  of  accelerators  in  the  U.S., 
using  various  indicators  of  effort  e.g.  European 
levels,  historical  records,  economic  utility  of 
past  discoveries  and  technological  spin-off,  pop¬ 
ulation  of  practitioners,  etc.,  what  is  the  pay¬ 
off  versus  cost  of  increasing  utilization  from, 
say  50%  to  80%?  How  does  this  compare  to  capital 
investment? 

"2.)  What  is  the  validity  of  the  claim  that  HEP  [high 
energy  physics]  ,  in  addition  to  its  thrust  to 
account  for  the  basic  structure  of  matter  and 
energy,  is  an  economic  benefit  to  the  U.S.  due 
to  its  technological  spin-offs  alone?  What  is 
the  ratio  of  technological  breakthroughs  origi¬ 
nating  in  unmotivated  research  versus  program¬ 
matic  R&D?  If  it  could  be  demonstrated  (and  who 
could  do  it  better  than  the  GAO  staff?)  that  HEP  » 
contributes  to  the  economy  more  than  it  absorbs, 
the  entire  thrust  of  the  GAO  report  would  be 
changed.  Yet  this  was  ignored." 
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"3.)  What  are  the  other  benefits  to  the  U.S.  of  a 
strong  HEP  program:  i)  In  strengthening  the 
scientific  potential  for  solving  shorter  range 
problems  ii)  In  prestige  relative  to  other 
developed  and  developing  countries  iii)  In 
influencing  high  technology  industry  with 
implications  for  balance  of  payments,  better 
life  for  our  citizens,  etc.? 

“4.)  What  are  the  bureaucratic  obstacles  to  effi¬ 
cient  management  of  the  HEP  program?  What  would 
be  the  cost  effectiveness  of  a  large  reduction 
in  numbers  of  reports  required  by  DOE,  in  re¬ 
strictions  on  operating  versus  R&D  versus  con¬ 
struction  fund  types?  How  can  one  reduce  the 
time  lag  of  the  system  to  respond  to  new  ideas? 

In  short,  how  can  one  better  carry  out  the  basic 
will  of  Congress  to  do  excellent  science  for 
minimal  cost  by  simplifying  the  procedures?" 

After  receiving  Fermilab's  comments,  we  discussed  the  ques¬ 
tions  with  the  Director,  Fermilab.  He  told  us  he  or  his  lab¬ 
oratory  had  not  explored  the  questions,  but  he  proposed  meth¬ 
odologies  for  addressing  them. 

The  Director's  proposed  methodologies  for  the  first 
three  questions  seek  to  quantify  various  aspects  of  program 
input  and  output.  The  overall  result  would  be  data  indicat¬ 
ing  whether  high  energy  physics  provides  more  benefits  than 
it  costs.  Although  such  data  would  have  some  utility,  the 
broader  question  would  still  remain:  "Do  the  relative  cost- 
benefits  of  high  energy  physics  warrant  the  current,  larger, 
or  smaller,  level  of  funding  when  compared  to  other  sciences?" 

During  the  scoping  phase  of  our  review,  we  briefly  con¬ 
sidered  conducting  a  study  such  as  that  outlined  by  the  Di¬ 
rector's  proposed  methodologies.  However,  several  agency  of¬ 
ficials,  as  well  as  the  experts  advising  us  on  our  review, 
told  us  such  a  study  would  require  that  a  number  of  subjective 
judgments  and  assumptions  be  made  to  fully  guantify  the  ben¬ 
efits  of  high  energy  physics.  Since  varying  opinions  exist 
as  to  the  value  of  the  knowledge  gained  from  the  research,  we 
were  told  that  the  results  of  such  a  study  would  not  be  cred¬ 
ible.  Furthermore,  as  previously  indicated,  we  would  still 
not  know  whether  greater  benefits  might  have  been  obtained  by 
funding  other  scientific  efforts  at  higher  levels. 

With  respect  to  the  fourth  question,  which  seeks  to  de¬ 
termine  the  cost-benefits  of  management  control  procedures, 
we  agree  in  principle  that  unneeded  management  controls  should 
be  eliminated.  However,  we  do  not  believe  a  comprehensive 
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cost-benefits  study  of  the  various  controls  is  needed  to 
quantify  their  usefulness.  Instead,  unneeded  controls  should 
simply  be  identified  and  eliminated.  Our  study  did  not  seek 
to  identify  unneeded  controls. 

OTHER  COMMENTS 


A  number  of  other  comments  were  made  with  respect  to 
specific  statements  or  facts  presented  in  the  draft  report. 
Some  of  the  more  notable  concerns  and  our  analysis  and/or 
disposition  of  them  are  discussed  below. 


OSTP  noted  that  we  had  not  conducted  work  at  its  office. 
This  is  true  because  the  responsible  OSTP  official  (1)  told 
us  his  office  had  little  involvement  in  high  energy  physics, 
(2)  discussed  OSTP's  involvement  and  views  with  us  via  the 
telephone,  and  (3)  mailed  us  documents  which  we  reviewed. 
Accordingly,  we  have  revised  our  scope  section  to  more  accu¬ 
rately  reflect  the  work  we  performed. 


OSTP  stated  that  attention  to  peak  funding  is  inappro¬ 
priate  because  it  is  largely  a  result  of  construction.  While 
the  peak  funding  occurred  during  the  construction  of  the  Fer- 
milab  facility,  we  believe  that  the  attention  we  draw  to  it  is 
appropriate  under  the  context  presented.  We  have  drawn  atten¬ 
tion  to  it  because  Federal  basic  research  funding  is  at  or 
near  its  peak  level  while  high  energy  physics  constant  dollar 
funding  has  leveled  off  below  its  peak. 

OSTP  also  stated  that  mission-oriented  basic  research 
funding  has  increased,  but  not  at  the  expense  of  fundamental 
science  with  intrinsic  merit.  We  recognize  that  the  Presi¬ 
dent's  fiscal  year  1981  budget  request  placed  greater  empha¬ 
sis  on  supporting  basic  research. 


DOE,  Brookhaven,  Fermilab,  and  Lawrence  Berkeley  comment¬ 
ed  that  although  laboratory  in-house  research  staff  provides 
some  support  to  users,  physics  research  funds  are  primarily 
for  in-house  research  and  not  for  support  to  university  re¬ 
searchers.  We  continue  to  point  out  the  need  for  increased 
research  support,  but  deleted  the  statistics  from  this  re¬ 
port. 


Argonne  stated  that  developing  additional  physics  capa¬ 
bilities  was  the  primary  goal  of  pursuing  its  accelerator  R&D 
efforts  while  the  impending  shutdown  of  its  accelerator  was 
being  considered.  The  laboratory  also  pointed  out  that  the 
results  of  those  efforts  were  or  are  successfully  being  used 
at  Argonne  or  elsewhere.  We  apparently  had  misinterpreted 
Argonne  officials'  previous  statements  that  averting  the  shut¬ 
down  was  a  major  reason  for  the  continued  R&D.  Accordingly, 
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we  have  revised  our  discussion  to  better  reflect  the  physics 
goals  of  the  efforts  and  the  ultimate  use. 

Stanford  pointed  out  some  additional  facts  with  respect 
to  its  construction  projects.  The  laboratory  pointed  out  that 
(1)  a  substantial  part  of  the  Positron  Electron  Project's 
costs  were  projected  at  the  time  of  authorization  and  (2)  the 
upgrade  of  the  linear  accelerator  to  30  GeV  was  primarily  for 
research,  not  for  injection  to  the  Positron  Electron  Project. 
We  revised  the  report  to  reflect  these  points. 
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US  Major  Accomplishments  ir  High  Energy  Physics  <Knce  1945 


Synchrocyclotron  principle  (phase  stability)  suggested, 
removing  the  last  technical  barrier  to  unlimited  particle  energies 
attainable  by  orbital  or  linear  accelerators.  _ 


184"  synchrocyclotron  began  operation  with  350  MeV  protons 
at  what  is  now  the  Lawrence- Berkeley  Laboratory.  This  machine, 
which  by  1957  had  reached  720  MeV,  was  used  to  study  in  detail 
the  pions  which  were  discovered  in  cosmic  rays  in  1947. 

Muon  Identified  as  lepton,  i.e.,  as  a  particle  which  does  not 
experience  the  strong  nuclear  force.  First  observed  in  the  late 
1930  s,  the  muon  had  been  thought  to  be  the  meson  carrier  of 
the  strong  force  postulated  by  Yukawa  in  1935.  The  finding  that 
it  did  not  Interact  strongly  led  to  a  successful  search  for  a 
heavier  particle,  the  pion,  which  decayed  into  the  muon.  The 
pion  was  found  to  interact  strongly  and  hence  identified  as  the 
Yukawa  meson. 

Universality  of  weak  interactions  suggested,  i.e.,  weak  interaction 
recognized  as  a  fundamental  force.  This  force  is  responsible 
for  the  decays  of  radioactive  nuclei .  of  muons  and  many  other 
particles  and  for  neutrino  interactions  with  matter,  which  have 
been  extensively  studied  in  the  1970's  and  are  important  in 
astrophysical  processes. 

(Quantum  electrodynamics  renormalized.  Stimulated  by  measurement  of 
the  Lamb  shift,  a  very  small  splitting  of  two  quantum  states 
of  the  hydrogen  atom  which  had  been  thought  to  have  identical 
energies,  new  calculations  showed  how  to  resolve  the  long-standing 
divergence  problems  of  QED  and  established  it  as  the  correct 
relativistic  theory  of  the  electromagnetic  force.  This  theory 
has  withstood  30  years  of  extremely  rigorous  experimental  testing, 
end  is  still  our  most  precise  field  theory,  serving  also  as  a 
«odel  for  other  gauge  theories  presently  being  developed  for  the 
strong  interaction.  J.  Schwinger  shared  the  1965  Nobel  Prize  for 
his  contributions  to  QED. 

Berkeley  Synchrotron  began  operation  with  electrons  of  330  MeV. 

This  accelerator,  which  utilized  the  principle  of  phase  stability, 
produced  in  its  first  year  the  discovery  of  the  neutral  pion  and 
played  an  important  role  in  determining  the  properties  of  pions. 
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Neutral  plon  discovered  at  the  Berkeley  Synchrotron,  completing 
the  triplet  of  charge  states,  n+,  n~,  and  which  mediate  the 
strong  force  binding  neutrons  and  protons  in  atomic  nuclei. 

Feynman  diagram  approach  to  field  theory  invented,  and  applied  to 
quantum  electrodynamics.  This  graphical  way  of  describing 
interactions  has  been  a  powerful  language  for  both  quantitative 
and  qualitative  calculations  in  all  areas  of  particle  physics 
and  in  other  fields  of  physics  as  well.  Feynman  shared  the 
1965  Nobel  Prize  for  his  work  on  quantum  electrodynamics. 

High  Power  Klystron  first  used  in  the  Stanford  Mark  II  linear  accel¬ 
erator.  These  power  amplifiers  are  the  heart  of  modern  electron 
accelerators,  supplying  radiofrequency  power  to  the  cavities 
which  accelerate  the  electrons. 

Resonant  beam  extraction  developed  for  accelerators.  This 
technique  of  extracting  the  particle  beam  from  the  machine  in 
a  slow  "spill"  is  crucial  for  many  electronic  experiments. 

Associated  production  hypothesis  proposed:  that  the  A  and  K 
particles,  which  had  been  discovered  in  cosmic  ray  interactions, 
are  produced  only  in  association  with  each  other.  The  hypothesis 
was  experimentally  confirmed  and  led  to  the  discovery  of  a  new 
property  of  certain  particles  called  "strangeness”  (see  1953  e). 


A  discovered  at  the  Chicago  Cyclotron.  The  delta  was  the  first  detected 

particle  "resonance",  or  very  short-lived  particle  formed  as  a 

resonant  combination  of  two  or  more  other  particles,  in  this 

case  the  pion  and  proton.  Many  other  resonances  have  since 

been  discovered,  leading  physicists  to  seek  a  more  fundamental 

set  of  building  blocks  of  matter  (see  for  example  1961  a  and 

1964  b). 

Strong  focusing  (alternating  gradient)  principle  discovered. 

This  method  of  using  magnetic  field  gradients  alternating  in 
direction  to  focus  a  beam  of  charged  particles  had  two  important 
consequences:  it  greatly  reduced  the  cost  of  accelerators  by 

allowing  much  smaller  magnet  apertures  (since  the  beam  could  be 
focused  to  a  small  diameter),  and  it  provided  a  means  of 
transporting  extracted  or  secondary  beams  (produced  by  interactions 
of  the  primary  beam  with  a  target)  to  experimental  apparatus 
located  far  from  the  accelerator. 
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Cosmotron  began  operation  at  Brookhaven  National  Laboratory 
with  2.3  GeV  protons,  later  raised  to  3  GeV.  The  first  multi-GeV 
accelerator,  it  had  sufficient  energy  to  produce  the  strange 
particles  which  had  been  observed  in  cosmic  rays.  The  associated 
production  hypothesis  was  confirmed,  several  additional  strange 
particles  were  discovered  and  their  properties  studied. 

CPT  Theorem  proved  -  any  local  field  theory  is  invariant  under 
the  combined  operation  of  particle-antiparticle  exchange  (C) , 
mirror  reflection  (P) ,  and  time  reversal  (T) ,  if  the  theory  of 
relativity  is  correct.  This  very  general  invariance  principle 
has  important  consequences,  e.g.,  that  a  particle  and  its 
antiparticle  have  equal  masses  and  lifetimes. 

Bubble  chamber  invented  at  the  University  of  Michigan.  This 
device  records  the  passage  of  a  charged  particle  as  a  trail  of 
small  bubbles  in  a  medium  such  as  liquid  hydrogen.  Photographs 
of  the  tracks  allow  detailed  studies  of  the  interaction  of  an 
incident  particle  in  the  liquid  and  any  subsequent  decay  processes. 
The  bubble  chamber  became  the  dominant  experimental  high  energy 
physics  technique  for  many  years  and  is  still  a  powerful  tool 
for  exploratory  research  and  very  detailed  studies  of  complex 
processes . 

t+  discovered  in  a  cosmic  ray  experiment:  the  first  member  of  a 
new  family  of  "hyperons"  similar  to  the  lambda  hyperon,  a 
strange  baryon.  The  other  two  members  of  the  sigma  family  were 
subsequently  discovered  at  the  Cosmotron. 

Experimental  confirmation  of  associated  production  of  strange 
particles,  at  the  Cosmotron  (..ee  1952  a). 

Strangeness  quantum  number  proposed  to  explain  associated 
production.  Hyperons  and  kaons  have  a  charge-like  property, 
called  "strangeness"  for  the  "strange"  behavior  of  strong 
production  and  weak  decay.  Strangeness  is  conserved  in  strong 
interactions  such  as  those  which  produce  lambdas  and  kaons. 
However,  these  particles  are  not  massive  enough  to  decay  to 
ether  strange  particles,  so  their  decays  must  proceed  through  the 
weak  interaction  which  does  not  conserve  strangeness.  (Heavier 
strange  particles  have  since  been  discovered  which  do  decay  via 
the  strong  interaction.) 
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Bevatron  began  operation  at  Berkeley  with  4.9  GeV  jyrotons, 
later  increased  to  6.2  GeV.  The  antiproton  and  many  other 
particles  and  antiparticles  were  discovered  with  this  accelerator. 

H~  (Ksi)  discovered:  the  first  of  a  pair  of  hyperons  with  two  units 
of  strangeness. 

Yang-Mills  theories  -  a  method  of  const. acting  field  theories 
invariant  under  a  local  gauge  group  was  invented.  This  class 
of  "gauge  theories"  has  been  important  in  theoretical  developments 
such  as  recent  advances  in  developing  a  theory  of  strong 
Interactions  (see  1973  b). 

Derivation  of  dispersion  relations  from  quantum  field  theory. 

These  relations  provided  support  for  field  theory,  independent 
of  perturbation  theory  (the  usual  method  of  field  theory 
calculations  based  on  successive  approximations) ,  and  formed 
a  basis  for  a  detailed  understanding  of  pion  physics. 

Cornell  BeV  Synchrotron  began  operation.  This  1.3  GeV  electron 
accelerator  demonstrated  the  practical  application  of  the 
atrong  focusing  principle. 

Discovery  of  the  antiproton  at  the  Bevatron,  confirming  the 
1928  prediction  of  relativistic  quantum  mechanics  that  for  every 
basic  particle  there  must  be  an  antiparti-cle,  i.e.,  a  particle 
vith  all  charge-like  quantum  numbers  (such  as  electric  charge, 
strangeness,  baryon  number)  reversed  in  sign.  E.  Segre  and 
0.  Chamberlain  received  the  1959  Nobel  Prize  for  the  discovery. 

0 

Ki  predicted.,-,  The  ngutral  K  meson  was  predicted  to  decay  through 
two  states,  Kg  and  Kj ,  with  different  decay  modes  and  lifetimes. 

Each  would  be  a  quantum  mechanical  mixture  of  particle  and  anti- 
particle  but  a  definite  state  of  CP  (see  1953  a). 

First  indications  of  structure  within  the  proton,  now  understood 
to  be  composed  of  quarks.  Studies  of  large  angle  scattering  of 
electrons  by  protons  shoved  that  the  proton  had  a  finite  size 
end  hence  must  have  structure.  Hofstadter  shared  the  1961  Nobel 
Prize  for  this  and  related  work. 

Neutrino  observed,  confirming  the  hypothesis  of  its  existence  made 
by  Pauli  in  1933.  The  existence  of  an  uncharged,  massless  particle 
having  only  weak  interactions  seemed  essential  to  an  understanding 
of  nuclear  beta  decay,  yet  these  properties  made  its  experimental 
observation  a  very  difficult  matter  until  recent  high  energy 
accelerators  were  built. 
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Parity  violation  predicted  to  occur  in  weak  interactions.  One  of 
the  most  challenging  problems  of  the  1950's  was  the  so-called  T-g 
puzzle;  there  seemed  to  be  two  particles  which  were"  identical  in 
every  respect  except  that  they  decayed  into  states  of  opposite 
parity.  A  radical  alternative  was  suggested,  that  they  were  in  fact 
the  same  particle  (the  K+)  but  parity  was  not  conserved  in  the 
weak  interaction  which  governed  its  decay.  It  had  long  been 
assumed  that  parity ,  the  mirror  reflection  operation,  was  conserved 
in  all  physical  processes.  Parity  violation  was  quickly  confirmed 
in  a  nuclear  physics  experiment,  and  T.  D.  Lee  and  C.  N.  Yang  won 
the  1957  Nobel  Prize  for  their  bold  prediction. 

K?  (long-lived  neutral  kaon)  discovered  at  the  Cosmotron, 
confirming  the  prediction  of  1955  that  there  be  a  long  and  a 
short-lived  state.  The  short-lived  state  K§  had  long  been  known, 
from  the  earliest  cosmic  ray  "vee"  particles.  These  mixtures  of 
particle  and  antiparticle  are  unique  to  the  neutral  kaons. 

V-A  theory  of  weak  interactions  proposed,  explicitly  incorporating 
parity  violation.  This  theory,  extended  in  1963  to  include 
strangeness-changing  processes,  has  successfully  explained 
a  wide  variety  of  weak  interaction  processes. 

Neutrino  helicity  determined.  The  massless  neutrino  always  has 
its  spin  directed  opposite  to  its  momentum;  it  is  said  to 
be  "left-handed"  or  to  have  negative  "helicity".  (The  anti¬ 
neutrino  has  positive  helicity).  The  observation  of  the  neutrino's 
helicity  was  an  important  confirmation  of  the  V-A  theory. 

72-inch  bubble  chamber  began  operation  at  the  Bevatron  with  a 
liquid  hydrogen  fill.  Luis  Alvarez  received  the  1968  Nobel  Prize 
for  particle  discoveries  using  this  device  and  the  extensive 
system  developed  to  analyze  'he  photographic  data. 

Brookhaven  Alternating  Gradient  Synchrotron  (AGS) ,  a  strong 
focusing  accelerator,  began  operation  with  protons  of  more  than 
30  CeV,  a  factor  of  five  higher  than  previous  machines.  Among  the 
most  important  discoveries  made  at  the  AGS  are  the  v„,  the  ft~ 
and  the  Y/J.  (1962  a,  1964  a,  1974  a). 

Y*  (1385)  discovered  at  the  Bevatron,  the  first  of  a  family  of 
plon-hyperon  resonances. 

Spontaneous  symmetry  breaking  proposed  as  the  determining 
swchanlsm  by  which  the  strong  interactions  manifest  themselves 
in  nature.  This  work  has  had  an  Influence  on  current  thinking 
about  quark  interactions  and  on  the  efforts  to  unify  all  inter¬ 
actions  within  a  single  theory. 
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SU(3)  theory  proposed  independently  by  scientists  in  the  US 
and  in  England.  Known  mesons  and  baryons  were  grouped  into 
families,  in  a  manner  analogous  to  the  periodic  table  of  the 
elements.  SU(3)  led  directly  to  the  idea  of  quarks  (1964  b). 

M.  Gell-Mann  received  the  19*69  Nobel  Prize  for  this  and 
other  work. 

n  (eta)  meson  discovered  at  the  Bevatron,  completing  one  of  the 
SU(3)  families  (that  of  the  spin  0,  odd  parity  mesons)  and  thus 
giving  important  support  to  the  theory. 

p  (rho)  meson  discovered  at  the  Cosmotron,  the  first  pion 
resonance,  and  the  first  member  of  a  new  SU(3)  family,  the  spin 
1  nonet. 

1,1  (omega)  meson  discovered  at  the  Bevatron,  a  pion  resonance 
which  occurs  as  a  quantum  mechanical  mixture  with  the  4>  meson 
(1962  c). 

K*  (890)  discovered  at  the  Bevatron,  the  first  strange  meson 
resonance,  also  a  member  of  the  spin  1  nonet. 

Matched  long  straight  sections  proposed  for  circular  accelerators. 

A  way  was  shown  to  insert  straight  sections  without  disturbing 
the  operation  of  the  machine,  thus  greatly  enhancing  its 
utility.  Straight  sections  allow  efficient  syst-^^.s  for  injection 
and  extraction  of  the  beam  at  high  energy  and  arc ' very  important 
for  colliding  beam  machines. 

Vn  discovered  at  the  AGS:  a  new  type  of  neutrino,  associated  with 
the  muon.  The  experiment  showed  that  neutrinos  produced  in 
association  with  muons  are  distinct  from  those  produced  with 
electrons. 

On-line  digital  computer  applied  to  data  handling  for  a  large 
array  of  scintillation  counters,  allowing  much  higher  complexity 
of  experimental  apparatus  and  a  higher  rate  of  data  acquisition. 

This  technique  and  its  further  developments  led  to  the  present 
generation  of  very  powerful  electronic  experimental  facilities. 

6  (phi)  meson  discovered  at  the  AGS,  the  first  kaon  resonance 
and  a  member  of  the  spin  1  family,  this  meson  mixes  with  the  u. 

The  6  is  now  understood  as  an  ss  combination  of  quarks  analogous 
to  the  cc  quark  combination  which  forms  the  J/f  (see  1964  b  and 
1974  a). 

Application  of  Regge  theory  to  high  energy  physics:  a  sophisticated 
way  of  understanding  scattering  which  has  proved  very  powerful  in 
explaining  particle  Interactions  at  high  energies. 
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Proposal  of  current  algebra,  a  set  of  relations  which  set  the 
scale  for  weak  interactions  of  hadrons,  clarified  .the  weak 
interactions  of  hadrons  with  leptons  and  provided  support  for 
the  quark  hypothesis.  Current  algebra  is  also  playing  a  role 
in  estimating  quark  masses  and  other  modern  topics. 

Argonne  Zero  Gradient  Synchrotron  (ZGS)  began  operation  with 
protons  of  12.7  GeV.  Accurate  and  systematic  studies  using 
advanced  experimental  techniques  such  as  superconducting 
analyzing  magnets  and  polarized  targets,  have  been  the  fort A 
of  the  ZGS  program.  Experiments  in  the  60 's  demonstrated  the 
successes  and  limitations  of  Regge  theory  and  confirmed  duality 
(1968  a).  More  recently,  the  unique  ZGS  capability  to  accelerate 
polarized  protons  and  deuterons  (1973  a)  has  been  exploited  to 
study  the  spin  dependence  of  proton  and  neutron  interactions 
with  complete  spin  information. 

Polarized  proton  target  developed,  allowing  investigations  of 
the  spin  dependence  of  the  strong  force.  This  type  of  target 
(with  proton  spins  aligned)  Is  widely  used  and  is  especially 
valuable  at  the  ZGS,  where  experiments  can  now  be  done  with 
both  beam  and  target  polarized  (see  1973  a). 

n~  (omega)  discovered  at  the  AGS:  a  new  hyperon  with  3  units 
of  strangeness  which  had  been  predicted  by  SU(3).  The 
discovery  of  this  particle  completed  the  baryon  decuplet  and 
was  a  crucial  confirmation  of  the  theory. 

Quark  hypothesis  proposed:  that  the  known  hadrons  (mesons  and 
baryons)  are  composed  of  constituents  called  "quarks".  At  this 
Stage,  there  were  to  be  only  3  quarks,  denoted  by  u,  d  and  s. 
Mesons  are  made  of  a  quark  and  an  antiquark  combination;  baryons, 
of  3  quarks.  During  the  1970 's,  the  quark  hypothesis  has  been 
dramatically  confirmed  and  extended  to  Include  two  new  kinds  of 
quarks,  the  c  and  the  b,  and  a  sixth,  the  t,  is  predicted. 

CP  violating  K?  -»  decays  observed  at  the  AGS,  implying 
(by  the  CPT  theorem)  a  violation  of  time  reversal  invariance 
.and  suggesting  the  possible  existence  of  a  new  fundamental 
force. 

Charm  hypothesis  proposed:  that  there  exists  a  fourth  quark  (c) 
with  a  new  property  called  charm,  a  charge-like  quantum  number 
analogous  to  strangeness  (such  quantum  numbers  are  now  referred 
to  by  the  generic  term  "flavors").  The  basis  for  the  charm 
hypothesis  at  this  time  was  somewhat  speculative;  a  stronger 
argument  was  offered  in  1970.  The  existence  of  charmed  quarks 
was  demonstrated  by  the  very  exciting  discoveries  of  1974-76. 
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Color  hypothesis  proposed:  that  each  "flavor"  of  quark 
(e.g.,  u,  d,  s,  c),  comes  in  three  types  or  "colors".  This 
distinction  offered  a  way  to  place  three  identical-  fermions  in  an 
antisymmetric  state  inside  a  baryon  in  agreement  with  the  Pauli 
exclusion  principle  which  forbids  such  states.  The  color  property 
Is  not  interpreted  as  having  a  greater  significance;  the  source 
of  the  strong  force  which  binds  the  quarks  into  hadrons. 

First  application  of  a  superconducting  magnet  to  bubble  chambers, 
using  the  10"  helium-filled  chamber  at  Argonne  National  Laboratory 
The  use  of  the  superconductors  in  magnets  is  of  great  importance 
in  modern  high  energy  physics  facilities  including  accelerators 
and  polarized  targets  as  well  as  bubble  chambers. 

Stanford  Linear  Accelerator  (SLAC)  began  operation  with  electrons 
of  20  GeV.  Discoveries  at  SLAC  include  ep  scaling,  the  tau  lepton 
parity  violation  in  neutral  currents  and,  via  SPEAR  (1972  b)  much 
of  the  new  physics  of  charmed  quarks. 

Weinberg- Salam  theory  proposed  by  scientists  from  the  US  and 
abroad  with  the  aim  of  unifying  wht  weak  and  electromagnetic 
Interactions.  The  theory  has  since  been  strongly  supported  by 
theoretical  and  experimental  developments.  It  may  be  comparable 
in  importance  to  Maxwell's  unification  of  electricity  and 
magnetism  in  1865,  and  points  the  way  to  a  possible  unification  of 
all  the  forces. 

Duality:  resonance  formation  and  particle  exchange  models  of 
hadron  scattering  were  shown  to  be  equivalent.  This  relationship 
has  provided  important  insight  into  scattering  processes. 

ep  scaling  observed  at  SLAC:  large  angle  electron-proton 
scattering  behaves  like  that  expected  if  the  proton  contained 
free  (non-interacting)  pointlike  constituents. 

Parton  model  proposed  to  explain  ep  scaling  as  due  to  constituents 
of  the  proton  called  "partons”.  Partons  are  now  interpreted  as 
being  quarks  and  "gluons"  (carriers  of  the  strong  force  between 
quarks) . 

12-foot  bubble  chamber  began  operation  at  the  ZGS,  using  a  large 
superconducting  magnet.  This  was  the  first  of  the  very  large 
hydrogen  bubble  chambers  and  was  used  especially  to  study  neutrino 
interactions. 

Fermi  National  Accelerator  Laboratory  (Fermllab)  began  operation 
with  200  GeV  protons,  reaching  400  GeV  later  in  the  year.  This 
beam  energy  was  considerably  higher  than  that  of  any  other 
accelerator.  Major  Fermilab  discoveries  include  a  wealth  of 
information  about  neutrino  and  hadron  interactions  at  very  high 
energies,  charm  production,  and  Che  upsllon,  made  up  of  b  .quarks. 
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SPEAR  began  operation:  an  electron-positron  colliding  beam 
storage  ring  at  SLAC  with  energies  of  2.5  GeV  in  each  beam, 
later  raised  to  4.1  GeV  per  beam.  Charm  was  discovered  and 
Studied  in  great  detail  with  this  facility.  SPEAlC is  the  proto¬ 
type  of  PEP  at  SLAC  and  PETRA  at  DESY,  both  higher  energy 
e*e~  colliding  beam  facilities. 

ZGS  accelerated  polarized  protons  to  6  GeV  (later  Increased  to 
12  GeV)  a  unique  capability  which  allowed  the  study  of  the 
details  of  proton-proton  scattering  with  both  proton  spins 
polarized. 

Asymptotic  freedom  demonstrated  as  a  property  of  Yang-Mills 
theories.  This  theoretical  advance  was  Important  to  the 
development  of  quantum  chromodynamics  (QCD) ,  a  gauge  theory  which 
treats  the  strong  force  that  binds  the  quarks  into  hadrons  as 
arising  from  the  color  "charge"  of  the  quarks.  The  force 
decreases  asympotically  to  zero  as  the  momentum  transferred  in 
collisions  increases  without  limit;  thus  the  quarks  behave  as 
if  they  were  free  particles  in  very  high  energy  collisions 
such  as  the  ep  scaling  experiments  (1968  b). 

T(psi)/J  discovered;  a  new  particle  composed  of  a  cc  combination, 
i.e.,  a  bound  state  of  the  predicted  charmed  quark  (1964  d) 
and  its  antiquark.  This  dramatic  discovery,  which  occurred 
Independently  at  the  AGS  and  at  SPEAR,  opened  a  new  era  in  high 
energy  physics.  It  put  the  quark  model  on  a  very  solid  foundation, 
confirmed  the  charm  hypothesis,  led  to  the  discovery  of  a  large 
family  of  charmed  particles  and  encouraged  a  search  for  still 
other  possible  quarks,  one  of  which  has  subsequently  been  found 
(the  b;  see  1977a).  S.  Ting  and  B.  Richter  shared  the  1976 
Nobel  Prize  for  this  revolutionary  discovery. 

T1  discovered  at  SPEAR:  an  excited  state  of  cc.  This  and  many 
other  excited  states  form  a  detailed  energy  spectrum  of 
"charmonium"  which  provides  a  rigorous  test  of  detailed 
theoretical  predictions  and  strikingly  confirms  the  quark  hypothesis. 

Af  (lambda)  observed  at  the  AGS  and  at  Fermllab:  a  charmed  baryon, 
T7e.,  a  3-quark  combination  with  one  of  the  quarks  being  the  c. 
Finding  particles  like  this  with  "naked"  charm  (as  opposed  to  the 
hidden  chaim  of  the  cc  states)  was  a  crucial  confirmation  of  the 
quark  model. 

T(tau)  discovered  at  SPEAR:  a  new  charged  lepton,  the  first  since 
the  muon.  The  existence  of  this  lepton  and  its  associated 
neutrino  provide  a  strong  suggestion  that  there  must  also  be 
another  pair  of  quarks  called  the  b  and  t,  since  quarks  and  leptons 
have  so  far  occurred  in  matched  pairs,  e.g.  (u,  d)  and  (A,  vc) 
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Particle  jets  observed  in  e^e”  collisions  at  9PEAR.  Jets  are 
clusters  of  particles  moving  In  the  same  general  direction; 
their  existence  is  evidence  for  parton-parton  collisions.  The 
existence  of  Jets  has  subsequently  been  confirmed  in  hadron 
collisions. 

D.  D*  mesons  discovered  at  SPEAR:  charmed  mesons,  i.e.,  quark- 
antiquark  combinations  with  one  of  the  two  being  a  c  (or  c). 

These  naked  charm  particles  provided  important  support  to  the 
charm  hypothesis  and  the  quark  model. 

T(upsllon)  discovered  at  Fermilab:  a  new  particle  composed  of 
bB,  where  b  is  a  fifth  quark.  The  existence  of  this  new  quark 
had  been  suspected  since  the  discovery  of  the  t  lepton  in  1975. 
Finding  the  b  gives  strong  encouragement  to  search  for  its 
anticipated  partner,  the  t  quark. 

T*  discovered  at  Fermilab:  an  excited  state  of  the  bb  combination. 
This  discovery  provided  important  confirmation  of  the  existence 
of  the  b  quark  and  further  tests  of  the  quark  theory. 

Strong  spin  dependence  of  proton-proton  interaction  discovered 
in  ZGS  experiments  using  polarized  proton  beam  and  target. 

At  1.5  GeV,  protons  with  parallel  spins  interact  far  more  strongly 
than  protons  with  spins  opposed.  This  effect,  not  yet  fully 
understood,  could  be  the  first  indication  of  a  new  kind  of 
particle  composed  of  six  quarks. 

Parity  violation  in  neutral  currents  observed  in  polarized 
electron-deuteron  scattering  at  the  SLAC  linac.  This  observation 
of  a  very  small  scattering  asymmetry  provided  one  of  the  most 
striking  confirmations  of  the  Weinberg-Salam  theory  unifying  the 
weak  and  electromagnetic  interactions  (1967). 
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EXPERTS  CONTRIBUTING  TO  GAO 
HIGH  ENERGY  PHYSICS  REVIEW 

PHASE  I  -  SCOPE  AND  REVIEW  APPROACH 

Experts  participating  in  the  October  1978  meeting. 

— Dr.  Herbert  L.  Anderson,  Distinguished  Service  Profes¬ 
sor  of  Physics,  Enrico  Fermi  Institute,  University  of 
Chicago . 

— Dr.  Lawrence  Cranberg,  President,  TDN  Inc. 

— Dr.  Sidney  D.  Drell,  Chairman,  DOE  High  Energy  Physics 
Advisory  Panel;  Deputy  Director,  Stanford  Linear  Accel¬ 
erator  Center. 

— Dr.  Robert  L.  Hirsch,  General  Manager,  Exploratory 
Research,  Exxon  Research  and  Engineering  Company. 

— Dr.  David  Z.  Robinson,  Vice  President,  Carnegie  Corpor¬ 
ation. 


— Dr.  Louis  Rosen,  Director,  Los  Alamos  Meson  Physics 
Facility,  Los  Alamos  Scientific  Laboratory;  University 
of  California. 

— Dr.  Robert  G.  Sachs,  Director,  Argonne  National  Labora¬ 
tory. 

— Dr.  Robert  C.  Seamans,  Jr.,  Dean  of  Engineering, 
Massachusetts  Institute  of  Technology. 

— Dr.  Gerald  F.  Tape,  President,  Associated  Universities, 
Inc . 


— Dr.  George  H.  Vineyard,  Director,  Brookhaven  National 
Laboratory . 

— Dr.  Milton  G.  White,  Professor  Emeritus;  former  Direc¬ 
tor,  Pr inceton-Univer sity  of  Pennsylvania  Accelerator 
Laboratory. 


— Dr.  Robert  R.  Wilson,  former  Director,  Fermi  National 
Accelerator  Laboratory. 


APPENDIX  II 


APPENDIX  II 


Other  experts  providing  comments 

— Dr.  Walter  Gilbert,  Professor  of  Molecular  Biology, 
Harvard  University. 

— Dr.  Gerald  Holton,  Professor  of  Physics  and  Professor 
of  the  History  of  Science,  Harvard  University. 

— Dr.  Daniel  Kleitman,  Professor  of  Mathematics,  Massa¬ 
chusetts  Institute  of  Technology. 

— Dr.  Wolfgang  K.H.  Panofsky,  Director,  Stanford  Linear 
Accelerator  Center. 

— Dr.  Alvin  M.  Weinberg,  Director,  Institute  for  Energy 
Analysis,  Oak  Ridge  Associated  Universities. 

PHASE  2  ~  RESULTS  OF  GAO  REVIEW 

Experts  participating  in  the  February  1980  meeting. 

— Dr.  Lawrence  Cranberg,  President  TDN ,  Inc. 

— Dr.  Sidney  D.  Drell,  Chairman,  DOE  High  Energy  Physics 
Advisory  Panel;  Deputy  Director,  Stanford  Linear 
Accelerator  Center. 

— Dr.  David  Z.  Robinson,  Vice  President,  Carnegie  Corpor¬ 
ation. 

— Dr.  Louis  Rosen,  Director,  Los  Alamos  Meson  Physics 
Facility,  Los  Alamos  Scientific  Laboratory. 

— Dr.  Robert  G.  Sachs,  former  Director,  Argonne  National 
Laboratory;  Professor  of  Physics,  Enrico  Fermi  Insti¬ 
tute,  University  of  Chicago. 

— Dr.  George  H.  Vineyard,  Director,  Brookhaven  National 
Laboratory. 

Other  experts  providing  comments 

— Dr.  Raymond  L.  Bispl inghof f ,  Vice  President  for  Re¬ 
search  and  Development ,  TYCO  Laboratories,  Inc. 

— Dr.  Robert  C.  Seamans,  Jr.,  Dean  of  Engineering,  Massa¬ 
chusetts  Institute  of  Technology. 
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— Dr.  Gerald  P. 
Inc . 


Tape,  President,  Associated  Universities, 


— Dr.  Robert  R.  Wilson,  former  Director,  Fermi  National 
Accelerator  Laboratory;  Professor  of  Physics,  Columbia 
Univer  sity . 


128 


APPENDIX  III 


APPENDIX  III 


“1. 


2. 


3. 


4. 


5. 


Source : 


1965  PLANNING  GUIDES  FOR 
LONS-RAN§E  PLANNING  Gf  THE  U . S . 

HIGH  ENERGY  PHYSICS  PROGRAM 

It  is  the  national  interest  to  support  vigorous 
advancement  of  high  energy  physics  as  a  fundamental 
field  of  science. 

The  high  energy  physics  program  is  a  national  program 
not  related  solely  to  the  mission  of  any  one  agency. 
The  AEC  is  appropriately  serving  as  the  executive 
agent.  Although  the  implementation  of  policy  in  this 
field  will  rest  primarily  with  the  AEC,  participation 
by  the  National  Science  Foundation,  the  Department  of 
Defense,  and  other  agencies  of  the  Government,  par¬ 
ticularly  in  their  support  of  high  energy  physics  at 
the  universities,  is  important  for  the  maintenance  of 
a  truly  national  program. 

The  level  of  character  of  support  for  high  energy 
physics  should  be  determined  and  periodically  reas¬ 
sessed  in  the  context  of  the  overall  national  science 
program  (rather  than  in  relation  to  the  applied  re¬ 
search  and  development  programs  of  the  AEC),  advances 
and  promise  of  advances  in  the  field  itself,  and  the 
then  existing  fiscal  situation.  At  present,  the  high 
energy  physics  program  requires  increased  financial 
support,  especially  for  the  provision  of  advanced  ac¬ 
celerators  and  equipment. 

Planning  should  proceed  for  advancement  by  two 
significant  steps,  at  appropriate  intervals,  to  an 
energy  of  the  order  of  1,000  BeV  [GeV] ,  the  second 
accelerator  to  be  available  for  experimentation 
by  1979-84,  depending  on  developments  in  the  sci¬ 
ence  and  the  design  studies. 

The  operation  of  existing  accelerators  and  the 
associated  research  should  be  supported,  including 
steps  to  increase  their  scientific  productivity, 
where  necessary  to  maintain  a  sound  national  pro¬ 
gram  and  to  make  significant  contributions  to 
science . " 


"High  Energy  Physics:  Report  on  National  Policy  and 
Background  Information,"  Joint  Committee  on  Atomic 
Energy,  Congress  of  the  United  States,  Feb.  1965. 


129 


APPENDIX  III 


APPENDIX  III 


"6.  New  accelerators  should  be  constructed  only  to 

provide  significant  extension  of  parameters  or  a 
new  order  of  scientific  capability. 

7.  Accelerators  which  become  unproductive,  should  be 
closed  down  or  reduced  in  level  of  operation. 

8.  The  productive  research  utilization  of  the  major 
accelerator  facilities  is  a  primary  consideration 
for  an  effective  national  high  energy  physics  pro¬ 
gram.  A  large  portion  of  the  research  conducted 

in  existing  and  proposed  accelerator  centers  should 
be  performed  by  university  user  groups.  The  present 
high  quality  of  the  activities  of  the  existing  user 
groups  should  be  strengthened  and  the  formation  of 
new  university  user  groups  should  be  vigorously 
supported . 

9.  Major  new  high  energy  physics  facilities  of  the 
future  will  necessarily  be  very  large  and,  conse¬ 
quently,  quite  expensive.  This  means  that  there 
can  be  only  a  few  such  centers.  Therefore,  their 
organization  and  location  must  be  carefully  planned 
so  that  they  can  serve  effectively  the  entire  na¬ 
tional  community  of  high  energy  physicists. 

10.  In  view  of  the  high  costs  of  new  very  high  energy 
accelerators,  opportunities  for  international 
cooperation  in  accelerator  construction  and  use 
should  be  actively  explored." 
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AGENCY  AND  LABORATORY  INPUT 

- gjQgrag  0WTCE5 - 

To  ascertain  the  strategies,  costs,  advantages,  and 
disadvantages  for  various  policy  options  for  the  U.S.  high 
energy  physics  program,  we  asked  Federal  program  and  labora¬ 
tory  officials  for  information.  We  obtained  data  from  six 
U.S.  laboratories,  the  Department  of  Energy,  and  the  National 
Science  Foundation  on  the  costs,  advantages,  and  disadvan¬ 
tages  of  the  following  selected  policy  options  for  the  1980s: 

— Regaining  world  leadership  1/  in  all  frontiers  cf 
high  energy  physics. 

— Being  competitive  in  all  frontiers,  but  the  world 
leader  in  none. 

— Forgetting  about  world  leadership  and  competition 
and  working  in  unison  with  European  counterparts 
through  greater  cooperation  and  collaboration. 

— Pulling  out  of  competition  and  reducing  U.S.  efforts 
to  a  derivative  mode. 

The  instructions  given  to  the  laboratories,  their  responses, 
and  some  assumptions  made  to  develop  the  options  presented  in 
chapter  4  are  discussed  below. 

According  to  the  Chairman  of  DOE's  High  Energy  Physics 
Advisory  Panel,  the  frontiers  of  high  energy  physics  could  be 
defined  in  terms  of  either  the  concepts  to  be  explored  or  the 
accelerator  technologies  needed  to  explore  them.  To  help  lab¬ 
oratory  officials  identify  the  costs  of  carrying  out  each 
option,  we  asked  them  to  focus  on  the  accelerator  technologies 
and  thus  on  comparing  U.S.  and  foreign  accelerator  capabili¬ 
ties,  either  existing  or  planned.  We  advised  the  laboratories 
that  in  providing  input  to  the  options  they  should  consider 
new  accelerators  or  improvements  that  would  meet  a  clear  re¬ 
search  need  and  be  technically  feasible  to  begin  constructing 
during  the  1980s.  In  addition  to  amounts  needed  for  new 
accelerators  and  equipment,  we  asked  for  amounts  needed  to 


1/In  requesting  laboratories  and  agencies  input,  we  used  the 
“  term  "dominance"  for  this  option.  Because  this  may  imply 
a  subjugating  effect  on  other  nations,  we  have  revised  the 
caption.  We  did  not,  however,  change  the  definition  of 
this  option. 
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maintain  and  operate  existing  accelerators  and  equipment  and 
to  carry  out  in-house  research. 

From  program  staff  at  DOE  and  the  Foundation,  we  re¬ 
quested  estimates  of  the  funding  support  under  each  option 
that  would  be  needed  for  universities.  We  also  asked  labora¬ 
tory  and  program  officials  to  comment  on  the  merits  of  each 
option  and  the  impacts  the  laboratories'  proposed  efforts 
would  have  on  various  aspects  of  the  program.  Since  a  select¬ 
ed  frontier  option  could  be  derived  from  the  various  strat¬ 
egies  and  related  costs  proposed  by  each  laboratory,  we  asked 
for  input  to  only  four  options.  We  defined  the  four  options 
in  the  following  colloquial  terms  to  help  focus  their  input: 

— World  leadership:  "We  have  a  great  country,  let's  win 
it  all  for  the  United  States." 

--Competition  with  other  nations:  "We  should  win  some 
and  lose  some,  but  be  sure  to  win  our  fair  share." 

--World  unification:  "Let's  forget  competition;  there 
is  one  worldwide  community  of  scientists." 

— Derivative  participation:  "Let  someone  else  make  the 
big  investments;  we  can  learn  from  them." 

For  the  selected  frontier  option,  we  asked  DOE  officials 
for  input  as  to  what  a  preeminent  program  would  consist  of. 
However,  they  pointed  out  that  the  development  of  such  an 
approach  would  entail  considerable  scientific  judgment  and 
requested  the  advice  of  the  High  Energy  Physics  Advisory 
Panel.  A  subcommittee  of  this  panel  reported  on  the  needs 
of  a  preeminent  program  in  April  1980.  A  copy  of  that  re¬ 
port  is  included  as  appendix  V.  In  the  absence  of  scientific 
judgments  as  to  the  composition  of  a  preeminent  program,  we 
arbitrarily  selected  some  options  to  present  in  chapter  5  for 
illustrative  purposes. 

A  summary  of  the  proposed  efforts  and  the  average  annual 
budgets  (in  1979  dollars)  for  each  option  follows  for  uni¬ 
versity  support  and  proposed  efforts  at  each  of  the  six  U.S. 
laboratories.  For  university  support,  program  officials  pro¬ 
vided  "ball  park"  estimates,  while  the  laboratories  based 
their  estimates  on  more  detailed  analyses  of  existing  plans  in 
various  stages  of  development. 

UNIVERSITY  SUPPORT 


Universities,  the  traditional  centers  for  the  pursuit 
of  basic  knowledge,  play  an  important  role  in  the  U.S.  high 
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energy  physics  program.  University-based  researchers  perform 
about  75  percent  of  the  experimental  research  at  the  accel¬ 
erator  laboratories.  In  addition,  they  invent  experimental 
techniques  and  participate  in  the  planning  and  design  of  fa¬ 
cilities  and  equipment. 

Financial  support  for  university  research  in  high  energy 
physics  comes  principally  from  DOE  (60  percent)  and  the  Na¬ 
tional  Science  Foundation  (25  percent).  Universities  provide 
the  remainder  (15  percent).  DOE  supports  about  150  high  ener¬ 
gy  research  groups  at  some  60  universities  across  the  country. 
The  Foundation  supports  about  75  groups  at  about  50  universi¬ 
ties.  Together,  these  efforts  support  the  work  of  about  2,300 
people,  including  physicists,  technicians,  and  students.  In 
1979,  DOE  provided  $43.2  million  and  the  Foundation,  $18.9 
million  to  universities  for  high  energy  physics  research. 

World  leadership 

DOE  program  staff  noted  that  real-dollar  funding  of  uni¬ 
versity  support  has  declined  since  1969.  Coupled  with  Euro¬ 
pean  increases,  they  believe  this  decline  has  impaired  the 
Nation's  position  of  leadership  in  the  field.  For  world  lead¬ 
ership  in  each  technological  frontier,  they  say  the  United 
States  would  have  to  increase  the  1979  level  of  support  to 
universities  by  an  estimated  25  percent  to  be  achieved  over 
a  3-year  period. 

According  to  program  staff,  DOE-supported  universities' 
use  of  laboratories  would  increase,  and  the  statistical  pre¬ 
cision  of  some  experiments,  which  is  currently  compromised  by 
fiscal  constraints,  may  improve.  Also,  the  universities  would 
strengthen  their  detector  development  efforts,  which  have  been 
badly  neglected  in  recent  years;  refurbish  their  computing 
capabilities  to  meet  the  needs  of  more  complex  experiments; 
and  increase  their  engineering  and  technical  staff.  About  10 
university  groups  would  expand  research  efforts,  and  10  new 
groups  would  be  added. 

A  Foundation  program  official  said  the  United  States  is 
leading  the  world  in  achievements,  but  not  in  staff  or  in¬ 
strumentation.  He  indicated  that  over  the  last  5  years,  real 
U.S.  funding  has  decreased  about  10  percent.  He  estimated 
that  annual  increases  of  10  percent  over  the  1979  level  would 
be  needed  in  each  of  the  next  3  years  for  U.S.  leadership  in 
all  frontiers. 

For  such  a  world  leadership  program,  DOE's  annual  uni¬ 
versity  support  would  average  nearly  $53  million  and  the  Foun¬ 
dation's  $24  million  during  the  1980s.  The  total  Federal 
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average  annual  support  to  universities  would  be  $77  million, 
or  an  increase  of  24  percent  over  the  1979  level. 

Competition  with  other  nations 

DOE  program  staff  pointed  out  that  if  the  United  States 
is  to  successfully  compete  with  foreign  high  energy  physics 
efforts,  physicists  will  still  have  to  work  hard,  undertaking 
major  innovative  experiments  designed  to  make  new  discoveries 
and  understand  phenomena.  Program  staff  believed  a  10-percent 
increase  in  funding  over  1979  levels  would  be  needed,  pri¬ 
marily  for  strengthening  the  universities'  engineering  and 
instrumentation  development  efforts.  University  research 
groups  would  maintain  current  staffing  levels  and  use  exist¬ 
ing  or  presently  planned  facilities. 

Foundation  program  officials  advised  us  that  to  be  com¬ 
petitive,  Foundation-supported  university  groups  would  annu¬ 
ally  need  an  additional  $2  million,  or  about  10  percent  more 
than  in  1979.  These  additional  funds  would  primarily  support 
major  instrument  development  by  six  to  eight  research  groups. 
Additional  funds  may  also  be  needed  to  accommodate  an  influx 
of  new,  young  physicists. 

Under  this  option,  the  annual  university  budget  for  the 
10-year  period  ending  in  1989  would  average  $21  million  for 
the  Foundation  and  $47  million  for  DOE,  or  a  total  annual 
average  of  $68  million — about  10  percent  more  than  the  1979 
level . 

World  unification 

According  to  DOE  program  staff,  the  world  unification 
option  would  require  a  10-  to  15-percent  increase  over  the 
1979  level  of  support  for  universities.  They  assumed  that 
research  groups  would  make  experimental  proposals  all  over 
the  world  on  a  basis  of  scientific  merit.  They  advised  us 
that  research  costs  can  be  expected  to  rise  due  to  increased 
travel  expenses  and  the  additional  bureaucratic  effort  in¬ 
volved  in  coordinating  experiments.  They  concluded  that  pur¬ 
suing  this  option  would  raise  university  groups'  research 
costs  without  increasing  their  research  productivity. 

According  to  Foundation  officials,  an  international  ef¬ 
fort  to  build  the  next  generation  of  accelerators  may  become 
necessary  because  one  nation  may  no  longer  be  able  to  afford 
to  build  and  operate  them.  However,  they  believed  that  coor¬ 
dinating  joint  efforts  would  be  a  slow  process,  and  the  number 
of  U.S.  facilities  and  technical  staff  would  be  reduced.  As 
with  DOE  staff,  they  noted  university  research  costs  would 
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increase  about  10  to  15  percent  because  of  increases  in  trav¬ 
el,  research  operating  costs,  living  expenses,  and  administra¬ 
tive  efforts. 

With  the  10-  to  15-percent  increases,  the  average  annual 
university  support  for  the  world  unification  option  from  1980 
to  1989  w~>uld  amount  to  between  $67  million  and  $70  million, 
similar  to  the  level  needed  for  a  competitive  effort. 

Derivative  participation 

Program  officials  at  both  Federal  agencies  told  us  that 
the  level  of  funding  applicable  under  this  option  was  unclear. 
They  believed  the  lack  of  accelerators  with  frontier  physics 
capabilities  would  result  in  a  major  reduction  in  experimental 
efforts.  They  asserted  that  many  outstanding  American  scien¬ 
tists  would  no  longer  be  able  to  obtain  research  support, 
research  in  some  frontiers  would  be  abandoned,  and  the  effect 
on  physics  education  would  be  catastrophic. 

DOE  and  Foundation  officials  said  that  only  the  stronger 
and  larger  university  groups  would  be  supported.  These  groups 
would  perform  some  experiments  at  the  European  accelerator 
centers  as  long  as  the  political  climate  permitted.  If  such 
a  climate  did  not  exist,  DOE  program  officials  predicted  the 
U.S.  program  would  lose  its  identity,  and  American  physicists 
would  be  absorbed  into  the  larger  European  groups. 

DOE  program  officials  also  envisioned  that  without  U.S. 
facilities  needed  for  frontier  experiments,  theoretical  phys¬ 
ics  would  eventually  become  the  leading  element  of  the  U.S. 
program.  Experimental  physics,  historically  the  major  contri¬ 
bution  of  the  U.S.  program,  would  be  rendered  inconsequential. 

Based  on  program  officials'  comments,  we  projected  the 
average  annual  university  support  for  1980-89  under  this 
option  at  $42  million. 

FERMI  NATIONAL 
ACCEtifeM’ftR  LABORATORY 

Fermilab,  the  largest  U.S.  high  energy  physics  facility, 
is  located  on  6,800  acres  about  30  miles  west  of  Chicago. 
Fermilab' s  main  accelerator  is  a  400-GeV,  fixed  target,  pro¬ 
ton  synchrotron,  which  is  2,044  meters,  or  1.26  miles,  in 
diameter.  Fermilab  was  completed  in  1972  at  a  cost  of  $243.5 
million.  It  employs  about  1,600  people,  and  its  budget  aver¬ 
aged  about  $77  million  (in  1979  dollars)  from  1975  to  1979. 
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Fermilab  is  constructing  the  world's  first  superconduct¬ 
ing  synchrotron,  called  the  Energy  Saver,  estimated  to  cost 
$46.6  million.  This  project  is  to  allow  the  accelerator  to 
routinely  run  at  500  GeV,  using  less  electrical  power  than  is 
possible  using  conventional  technologies.  It  is  the  first 
phase  toward  a  larger  project  called  Tevatron.  The  balance 
of  this  project,  which  is  not  yet  authorized,  would  make  1-TeV 
fixed-target  and  colliding-beam  experiments  possible.  Fermi¬ 
lab  expects  the  Energy  Saver  to  become  operational  in  1982  and 
the  Tevatron,  if  authorized,  to  be  completed  in  the  mid-1980s. 

World  leadership 

Under  the  world  leadership  option,  Fermilab  proposed  a 
modified  Tevatron,  with  three  construction  phases,  at  a  total 
cost  of  $74  million.  The  first  phase,  assumed  to  become  oper¬ 
ational  in  1982,  was  to  increase  the  maximum  energy  capability 
of  the  fixed-target  accelerator  to  1  TeV  and  upgrade  the  ex¬ 
isting  experimental  areas  for  this  level.  The  second  phase, 
to  be  completed  in  1982,  would  provide  proton-antiproton  col¬ 
liding  beams  of  1,000  GeV  x  1,000  GeV.  The  third  phase  would 
add  a  second  colliding-beam  area  and  expand  the  facilities 
available  for  colliding-beam  experiments.  To  carry  out  this 
project,  Fermilab  projected  that  an  average  annual  budget  of 
$124  to  $152  million  would  be  needed  in  the  1980s. 

Fermilab  officials  predicted  that  the  Tevatron  would 
provide  capabilities  for  the  world's  highest  energy  fixed- 
target  and  colliding  beam  experiments  in  the  1980s.  Around 
1988,  however,  a  planned  Soviet  machine  may  surpass  the  Tev¬ 
atron'  s  capabilities. 

Since  the  Tevatron  may  become  a  second-best  machine  less 
than  10  years  after  it  begins  operation,  Fermilab  also  pro¬ 
posed  a  "Pentevac"  project  that  would  quintuple  the  Tevatron' s 
maximum  energy  range.  Such  a  machine  is  expected  to  yield  the 
world's  highest  fixed-target  and  colliding  proton-antiproton, 
proton-proton,  and  proton-electron  beam  physics  through  the 
early  2000s.  While  Fermilab  officials  believed  that  this  ma¬ 
chine  would  have  to  be  built  and  operated  as  an  international 
effort,  given  sufficient  funds,  they  said  the  United  States 
could  undertake  the  project  in  a  bid  to  lead  the  world. 

Construction  and  operation  of  the  Pentevac  would  require 
major  advances  in  superconducting  magnets,  computer  control 
technology,  electronics,  and  many  other  technologies.  The 
machine  was  projected  to  cost  about  $1  billion  to  construct 
and  to  start  operations  in  1988. 
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Under  this  option,  Fermilab's  average  yearly  budget  for 
1980  to  1989  would  be  $235  million  to  $2ol  million — more  than 
three  times  its  1975  to  1979  average. 


Competition  with  other  nations 


Fermilab  included  its  Energy  Saver  project  under  the 
competitive  option.  The  project  is  to  upgrade  Fermilab's 
existing  400-GeV  experimental  program  to  500  GeV.  Fermilab 
officials  classified  it  under  this  option  on  the  assumption 
that  no  fixed-target  accelerator  of  higher  energy  or  inten¬ 
sity  will  be  available  abroad  before  the  late  1980s.  How¬ 
ever,  they  targeted  the  Energy  Saver  to  become  operational 
in  1981  and  proposed  to  carry  out  a  large  amount  of  R&D  for 
the  1-TeV  fixed-target  accelerator.  Under  this  option,  Fermi¬ 
lab's  average  annual  costs  for  1980  to  1989  would  range  be¬ 
tween  $97  million  and  $140  million. 


World  unification 

Fermilab  proposed  the  Pentevac  as  a  project,  which  in 
all  likelihood  would  require  international  cooperation  and 
cost-sharing.  Laboratory  officials  proposed  that  the  United 
States  fund  one-third  of  the  $1  billion  construction  cost, 
plus  a  third  of  the  increases  in  operating  and  equipment 
costs  attributable  to  Pentevac,  starting  in  1987.  Such  an 
arrangement  would  minimize  increases  in  U.S.  funding,  but 
would  still  involve  a  substantial,  long-term  funding  commit¬ 
ment. 


Fermilab  officials  viewed  the  project  as  an  American 
initiative,  with  the  United  States  playing  a  leadership  role 
in  all  phases  of  the  project.  They  assumed  that  to  commit 
resources  to  the  project,  foreign  countries  would  require 
assurance  that  their  scientists  and  technicians  can  partici¬ 
pate  at  the  new  facility  on  an  equal  footing  with  Americans. 
With  only  the  U.S.  share  of  Pentevac  costs  included,  Fermi¬ 
lab's  average  annual  budget  for  the  1980s  would  range  be¬ 
tween  $169  million  and  $197  million. 


Derivative  participation 


Under  this  option,  Fermilab  assumed  that  its  current 
neutrino  research  capabilities  would  be  dropped  in  the  immedi¬ 
ate  future,  its  currently  approved  proton  experiments  would  be 
completed,  only  future  experiments  with  small  costs  would  be 
initiated,  and  only  meson  experiments  would  still  be  run  by 
about  1983.  Officials  further  assumed  that  by  1986,  most  of 
the  laboratory  personnel  needed  to  keep  the  accelerator  oper¬ 
ating  would  have  left  for  other  positions,  so  it  would  be 
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time  to  shut  down  the  whole  facility.  They  viewed  this  op¬ 
tion  as  disastrous.  Their  average  annual  budget  for  1980  to 
1989,  which  would  include  no  costs  beyond  1986,  would  be  $45 
million. 

STANFORD  LINEAR 

Accelerator  Center 

The  Stanford  Linear  Accelerator  Center  covers  421  acres 
of  Stanford  University  property  near  Palo  Alto,  California. 

The  Center  is  a  single-purpose  facility,  dedicated  to  high 
energy  physics.  It  has  a  staff  of  about  1,200  people.  Its 
average  annual  budget  for  1975  to  1979  was  about  $50  million 
( in  1979  dollars)  . 

The  Center's  2-mile  linear  accelerator  was  completed 
in  1966  at  a  cost  of  about  $114  million.  As  the  world's  ' 
largest  and  most  powerful  linear  electron  accelerator,  it 
delivers  electrons  at  energies  of  30  GeV  and  positrons 
at  20  GeV  to  fixed  targets. 

The  Center's  other  major  machine  is  the  Stanford  Posi¬ 
tron  Electron  Asymmetric  Ring.  This  machine  is  a  storage 
ring  which  permits  colliding-beam  experiments  at  energies  of 
4-GeV  x  4-GeV  in  two  interaction  regions.  The  facility  began 
operating  in  April  1972  at  5  GeV  and  was  upgraded  in  1974. 

The  total  cost  was  about  $6  million. 

A  larger  accelerator  was  completed  in  April  1980.  This 
accelerator,  called  Positron  Electron  Project,  cost  about 
$78  million  to  construct.  The  new  ring  is  about  710  meters 
in  diameter  and  permits  colliding-beam  experiments  at  energies 
of  up  to  18-GeV  x  18-GeV. 

Stanford  officials  had  two  distinct  elements  in  their  in¬ 
put  to  the  first  three  options.  One  element  dealt  with  the 
levels  of  exploitation  of  their  principal  machines — the  linear 
accelerator  and  the  Positron  Electron  Project — at  the  current 
site.  The  other  element  dealt  with  the  construction  of  a 
major  new  facility  at  a  new  site. 

World  leadership 

Under  the  world  leadership  option,  the  linear  accelerator 
and  the  Positron  Electron  Project  would  be  operated  at  nearly 
full  utilization,  with  the  emphasis  on  innovative  frontier 
physics.  The  Positron  Electron  Asymmetric  Ring  would  be  used 
on  a  half-time  basis,  but  phased  out  as  improvements  are  made 
to  the  Positron  Electron  Project.  Also,  significant  in¬ 
creases  would  be  made  in  personnel,  research,  and  facility 
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development  to  support  innovation.  Improvements  to  the  Posi¬ 
tron  Electron  Project  would  cost  $187  million  to  $210  million, 
including  a  200-  to  300-GeV  proton  ring  1/  and  an  upgrade  of 
the  electron-positron  beams  to  25  to  30  GeV.  The  energies 
would  depend  on  the  results  of  the  laboratory's  superconduct¬ 
ing  R&D  program.  Under  the  minimal  budget,  the  upgrade  of 
the  beams  would  be  forgone  for  a  less  costly  single-pass  col¬ 
lider  at  60-GeV  x  60-GeV  to  be  used  in  conjunction  with  the 
proton  r ing  . 

Stanford  also  proposed  to  construct  in  collaboration 
with  one  or  more  U.S.  laboratories,  a  large  new  laboratory, 
starting  in  1982.  Stanford  officials  said  the  new  facility 
would  be  a  $500-million  construction  project  which  might  in¬ 
volve  linear  colliding  beam  accelerators,  perhaps  using  super¬ 
conducting  technology,  and  would  be  located  at  a  new  site.  A 
staff  of  2,600  to  3,200  new  employees  would  be  needed  by  fis¬ 
cal  year  1989  to  maintain  steady  operation  of  the  acceler¬ 
ators.  Officials  noted  the  new  site  would  permit  new  and 
exciting  physics  for  a  greater  number  of  domestic  and  for¬ 
eign  users. 

Because  the  two  elements  of  Stanford's  input  can  stand 
alone,  the  average  annual  budget  for  each  element  for  1980  to 
1989  are  shown  separately  below. 

Existing 

site  New  site  Total 

- ( in  millions) - 

Minimal  budget  $109.0  $85.4  $194.4 

Optimal  budget  123.0  99.9  222.9 

Competition  with  other  nations 

For  this  option,  Stanford  officials  believed  that  about 
the  same  level  of  operations  would  be  needed  as  for  the  world 
leadership  option.  However,  they  proposed  fewer  new  improve¬ 
ments  and  delayed  the  timing  of  those  to  be  pursued. 


1/This  proton  ring,  estimated  to  cost  $150  million  and  intend- 
-  ed  to  help  provide  proton-electron  collisions,  appears  to 
duplicate  a  similar  capability  proposed  by  Fermilab  for  this 
option  (see  p.  136);  therefore,  we  omitted  it  from  the  esti¬ 
mated  average  costs  presented  in  chapter  5. 
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In  its  proposed  optimal  budget,  Stanford  included  the 
200-  to  300-GeV  proton  ring  and  the  upgrade  of  the  Positron 
Electron  Project's  beams  to  25  to  30  GeV.  The  proton  ring, 
which  is  the  most  costly  improvement,  is  forgone  for  the  less 
costly  single  pass  collider  in  the  minimal  budget.  The  im¬ 
provements  would  cost  $97  million  to  $210  million,  spread  out 
over  a  7-  to  8-year  period,  compared  to  the  4-year  construc¬ 
tion  period  proposed  for  the  world  leadership  option. 

Stanford  also  provided  for  construction  of  the  new  site 
on  the  basis  of  assumptions  similar  to  those  made  under  the 
world  leadership  option.  However,  construction  would  not  be¬ 
gin  until  1989.  Average  annual  budgets  for  1980  to  1989  would 
be  : 


Existing 

site  New  site  Total 

- ( in  millions) - 

Minimal  budget  $  83.8  $  5.9  $  89.7 

Optimal  budget  113.6  10.8  124.4 

World  unification 


Under  this  option,  Stanford  officials  would  further  delay 
or  reduce  improvements.  One  major  difference  is  that  the  up¬ 
grade  of  the  Positron  Electron  Project's  beam  is  not  included 
in  either  the  minimal  or  optimal  budget.  The  minimal  budget 
includes  the  proposed  single-pass  collider,  while  the  optimal 
budget  includes  the  proposed  proton  ring.  Such  differences 
bring  the  cost  range  of  the  improvements  to  between  $37  mil¬ 
lion  and  $150  million,  depending  on  whether  a  minimal  or  opti¬ 
mal  approach  is  pursued.  Also,  the  improvements  would  be 
started  later  and  in  the  case  of  the  proton  ring,  would  extend 
over  5  years,  as  opposed  to  the  4-year  span  in  the  world  lead¬ 
ership  option. 

The  utilization  levels  of  the  machines  also  varied. 

While  the  optimal  level  is  close  to  the  full  utilization  en¬ 
visioned  in  both  the  leadership  and  competitive  options,  the 
minimal  budget  provides  for  reduced  use  of  the  Positron  Elec¬ 
tron  Project  and  the  linear  accelerator.  The  proposed  minimum 
budget  also  provides  for  less  use  of  the  Positron  Electron 
Asymmetric  Ring  through  1987  at  which  time  it  would  be  shut 
down . 


Stanford  also  included  the  new  site  in  this  option,  but 
would  build  it  with  international  collaboration.  Construction 
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is  presumed  to  start  in  fiscal  year  1989,  after  coordinated 
R&D  beginning  in  1985.  Stanford  did  not  indicate  the  amount 
of  cost-sharing  to  be  provided  by  other  nations,  but  noted 
that  most  shared  costs  would  be  incurred  in  the  1990s. 

Stanford  officials  characterized  their  minimal  world 
unification  budget  for  the  existing  site  as  close  to  the  level 
of  operations  and  improvements  permitted  under  current  Federal 
funding  levels.  They  believe  this  budget  under util izes  their 
existing  facilities  and  provides  for  Positron  Electron  Project 
improvements  relatively  late,  compared  with  expected  European 
progress.  The  following  chart  shows  estimated  average  annual 
budgets  for  the  1980s: 

Existing 


site 

New  site 

Total 

—  (  in  millions)  — 

Minimal  budget 

$67.4 

$  5.9 

$  73.3 

Optimal  budget 

$92.6 

10.8 

103.4 

Derivative  participation 

Under  this  option,  the  Positron  Electron  Project  would  be 
exploited  through  its  useful  life  without  major  improvements 
or  modifications.  The  laboratory  would  also  continue  to  use 
its  linear  accelerator  at  its  current  low  rate  until  1983, 
when  it  would  begin  a  phased  shutdown.  The  Positron  Electron 
Project  would  begin  a  phased  shutdown  in  1985;  there  would 
be  no  new  site. 

As  the  accelerators  are  phased  out,  the  laboratory's 
physics  research  group  would  increase  its  activities  at  other 
laboratories.  At  the  end  of  the  Positron  Electron  Project's 
useful  life  in  1987,  all  accelerators  would  be  shut  down. 
Stanford  would  become  an  academic  center  for  physics,  whose 
experimenters  would  do  their  research  at  other  accelerator 
laboratories.  Continuing  through  the  1980s  would  be  a  strong 
user  group  with  a  responsible  level  of  advanced  detector  de¬ 
velopment  and  fabrication.  Under  this  option,  the  Center's 
annual  budget  would  average  between  $43.5  million  and  $55 
million  during  1980  to  1989. 

BROOKHAVEN  NATIONAL 
LABORATORY 

Brookhaven  National  Laboratory  was  established  in  1946 
on  5,400  acres  in  Upton,  New  York.  The  laboratory  is  a 
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multiprogram  center  and  traditionally  has  made  a  strong  ef¬ 
fort  in  high  energy  physics.  About  935  employees,  or  approx¬ 
imately  25  percent  of  Brookhaven's  total,  are  involved  in 
high  energy  physics.  The  average  annual  high  energy  physics 
budget  for  1975  to  1979  was  about  $47  million  in  1979  dol¬ 
lars.  Current  efforts  center  around  the  Alternating  Gradient 
Synchrotron  and  Isabelle  construction.  Total  project  funding 
requirements  for  Isabelle  are  over  $423  million,  including 
about  $275  million  for  line-item  construction.  Upon  comple¬ 
tion  in  1986,  Isabelle  will  have  two  counter-rotating  proton 
beams,  each  about  400  GeV,  which  will  collide  at  six  inter¬ 
action  regions. 

The  Alternating  Gradient  Synchrotron  is  a  33-GeV,  fixed- 
target,  proton  synchrotron,  which  was  completed  in  July  1960 
and  underwent  a  major  conversion  in  August  1973.  About  a 
third  of  the  machine's  running  time  will  be  needed  as  an  in¬ 
jection  source  of  protons  to  Isabelle.  The  total  investment 
in  the  synchrotron  and  related  equipment  in  1979  dollars  was 
about  $163  million. 

World  leadership 

To  help  the  United  States  lead  the  world  in  high  energy 
physics,  Brookhaven  would  complete  construction  of  Isabelle, 
start  operations  in  1986,  and  keep  it  in  the  forefront  of  the 
field  through  the  1980s.  The  proposed  construction  would  in¬ 
clude  two  experimental  areas  not  currently  authorized.  Later 
additions  to  Isabelle  include  an  electron  ring  and  a  separate 
accumulator  ring  to  produce  and  store  antiprotons  for  collid¬ 
ing  beam  experiments  in  the  main  ring.  1/ 

The  Alternating  Gradient  Synchrotron  would  be  used 
as  an  injector  to  Isabelle  and  for  experiments,  including 
polarized  and  unpolarized  proton  beam  experiments.  Improve¬ 
ments  to  this  machine  would  include  a  new  target  station  with 
a  primary  proton  transport,  two  new  secondary  beams,  and  an 
Isabelle  test  beam.  Other  additions  would  be  an  antiproton 
cooling  ring  and  a  spectrometer.  Brookhaven's  average  annual 
budget  for  1980  to  1989  would  range  from  $101  million  to  $109 
million. 


VThese  additions  apparently  duplicate  capabilities  envisioned 
by  Fermilab  under  this  option  (see  p.  136);  therefore,  the 
costs  averaging  about  $10  million  a  year  are  omitted  from 
the  average  annual  cost  estimate  for  the  leadership  program 
in  chapter  5. 
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Competition  with  other  nations 

Under  the  competitive  option,  Brookhaven  would  include 
the  two  additional  Isabelle  experimental  areas,  but  not  the 
added  rings.  Brookhaven  would  use  its  present  synchrotron  as 
an  injector  to  Isabelle  and  for  experiments  throughout  the 
1980s.  Improvements  oriented  to  Isabelle,  most  of  which  were 
authorized  in  1979  and  are  to  be  completed  in  1982,  would  be 
made  to  the  Alternating  Gradient  Synchrotron.  A  competitive 
budget  for  Brookhaven  would  average  $92  million  to  $100  mil- 
li  i  a  year  through  1989. 

World  unification 


Brookhaven  officials  believed  the  world  unification 
option  was  extremely  ambiguous  when  applied  to  Isabelle.  The 
option  envisioned  (1)  international  collaborations  in  the  con¬ 
struction  and  operation  of  facilities  and  (2)  international 
agreements  to  construct  future  facilities  in  alternating  loca¬ 
tions.  Such  approaches  would  not  apply  to  Isabelle,  which  is 
already  authorized  for  full  U.S.  funding. 

On  the  other  hand,  Brookhaven  officials  told  us  that 
Isabelle  could  fit  into  the  definition  of  the  world  unifica¬ 
tion  option.  First,  because  of  its  size  and  cost,  they  did 
not  believe  a  similar  accelerator  will  be  constructed  else¬ 
where.  Secondly,  they  recognized  that  Isabelle  may  be  one 
of  a  series  of  large  machines  of  different  capabilities  which 
would  be  available  to  researchers  of  all  nations.  Brookhaven 
officials  noted  that  while  Isabelle  is  a  unique  machine,  other 
types  of  machines,  either  currently  contemplated  or  under  con¬ 
struction,  will  compete  for  discoveries  of  certain  fundamental 
processes  of  nature.  For  this  reason  and  the  large  U.S.  in¬ 
vestment,  Brookhaven  officials  believed  that  Isabelle  should 
be  promptly  exploited  and  extremely  well-supported  to  ensure 
a  reasonable  national  return. 

Under  both  the  leadership  and  competitive  options,  Brook¬ 
haven  officials  envisioned  that  international  cooperation 
would  be  widespread.  This  cooperation  would  resemble  existing 
collaboration,  where  researchers  from  other  countries  will  be 
allowed  access  to  Isabelle,  based  on  the  scientific  merit  of 
their  experiments.  They  said  a  European  research  group  has 
expressed  interest  in  obtaining  experimental  time  on  Isabelle; 
however,  no  formal  request  has  been  submitted. 

Based  on  the  above  comments,  we  assumed  that  the  United 
States  would  complete  construction  of  Isabelle  and  the  cost  es¬ 
timates  provided  by  Brookhaven  for  the  world  leadership  option 
($101.1  million  to  $109.0  million)  would  apply  for  this  option. 
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Derivative  participation 

Brookhaven  officials  said  that  by  definition  this  option 
was  not  pertinent  to  Isabelle.  They  believed  retreating  to 
this  posture  would  destroy  the  U.S.  frontier  physics  efforts 
and  would  send  the  most  productive  and  brilliant  researchers 
elsewhere . 

Since  the  option  posited  that  the  United  States  would 
not  make  any  more  large  investments  in  frontier  machines,  the 
construction  of  Isabelle,  a  large  investment  in  a  frontier 
machine  would  be  inconsistent  with  the  option.  U.S.  adoption 
of  a  derivative  participation  policy  at  this  time  would  ne¬ 
cessitate  a  reevaluation  of  the  decision  to  build  Isabelle. 
This  could  conceivably  result  in  the  complete  cessation  of 
Isabelle  work. 

Thus,  Brookhaven' s  role  in  a  program  directed  toward 
derivative  participation,  consistent  with  the  other  U.S.  lab¬ 
oratories'  approaches,  would  call  for  terminating  Isabelle 
construction,  phasing  out  the  Alternating  Gradient  Synchrotron 
by  1986,  and  establishing  a  group  of  R&D  personnel  and  exper¬ 
imentalists  who  would  use  accelerators  elsewhere  after  1986. 

In  estimating  a  derivative  budget  for  Brookhaven,  we 
assumed  full  funding  of  its  competitive  effort  through  1982 
to  account  for  the  costs  committed  to  existing  Isabelle  con¬ 
struction  contracts.  We  further  assumed  competitive  funding 
for  the  Alternating  Gradient  Synchrotron  until  1986,  when  it 
would  be  phased  out,  and  estimated  $8  million  to  $10  million 
per  year  for  user  group  and  R&D  efforts  during  1987  to  1989. 
These  assumptions  resulted  in  an  estimated  annual  cost  aver¬ 
aging  from  $47  million  to  $58  million  during  1980  to  1989. 

ARGONNE  NATIONAL  LABORATORY 

Argonne  National  Laboratory  is  a  multiprogram  laboratory 
located  on  a  1,700  acre  site  27  miles  southwest  of  Chicago. 
Argonne' s  high  energy  physics  program  has  been  built  around 
the  Zero  Gradient  Synchrotron,  a  12.5  GeV  proton  accelerator 
which  began  operations  in  1963.  The  authorized  cost  of  the 
basic  facility  was  $51.4  million.  Because  of  the  desire  to 
pursue  new  frontiers  under  a  limited  budget,  the  synchrotron 
was  shut  down  at  the  end  of  fiscal  year  1979  (after  Argonne 
submitted  its  information  for  this  discussion).  About  10 
percent  of  the  laboratory's  5,200  employees  were  involved  in 
high  energy  physics.  Argonne' s  high  energy  physics  budget 
during  1975  to  1979  averaged  about  $20  million  a  year. 


I 


APPENDIX  IV 


APPENDIX  IV 


Argonne  officials  expected  to  have  an  important  role  in 
high  energy  physics  as  a  center  for  mounting  experiments  at 
other  accelerators.  In  this  mode  of  operation,  the  laboratory 
will  work  closely  with  university  groups  and  develop  and  oper¬ 
ate  major  detectors.  Also,  it  plans  to  collaborate  with  Fer- 
milab  in  accelerator  and  equipment  R&D  to  explore  new  oppor¬ 
tunities  in  colliding-beam  and  polar ized-beam  physics. 

World  leadership 

Under  the  world  leadership  option,  Argonne  would  continue 
its  accelerator  operations  10  months  per  year  through  1989, 
with  the  physics  divided  equally  between  polarized  and  unpo¬ 
larized  proton  beam  experiments.  1/  Until  it  shut  down,  the 
synchrotron  operated  only  with  polarized  protons.  Improve¬ 
ments  would  be  made  to  introduce  secondary  beams  produced  from 
unpolarized  protons  and  increase  the  intensity  of  the  beams. 
The  total  cost  of  the  various  improvements  would  be  $14.5 
million. 

Argonne  officials  told  us  that  important  areas  of  fron¬ 
tier  research  are  not  found  exclusively  at  higher  energies, 
but  also  occur  in  areas  of  specialized  capabilities.  The  Zero 
Gradient  Synchrotron,  they  said,  was  neither  approaching  tech¬ 
nical  obsolescence,  nor  exhausting  its  scientific  capability, 
and  under  this  option,  it  could  mount  a  systemmatic  attack  on 
physics  not  fully  explored.  The  world  leadership  option  was 
also  viewed  as  preserving  an  independent  center  of  accelerator 
R&D  that  had  strong  links  with  Argonne' s  efforts  in  applied 
technology  and  would  therefore  benefit  the  overall  laboratory. 
Argonne' s  annual  high  energy  physics  budget  for  the  1980s 
would  average  from  $20  million  to  $31  million. 

Competition  with  other  nations 

To  remain  competitive,  Argonne  would  operate  its  synchro¬ 
tron  for  6  months  per  year  as  a  polar i zed-beam  facility  with 
only  minimal  improvements  through  fiscal  year  1985.  According 
to  Argonne  officials,  its  operation  is  needed  if  the  United 
States  wants  to  maintain  its  lead  in  studying  spin  effects  at 
high  energies.  Renewed  development  of  the  polarized  source 
would  allow  the  use  of  higher  intensity  beams.  Argonne  pro¬ 
posed  to  fully  exploit  the  acceleratoi  over  a  6-year  period. 


1/Because  the  Argonne  accelerator's  operation  apparently 
*”  duplicates  capabilities  envisioned  by  Brookhaven  under  this 
option  (see  p.  142),  we  excluded  it  from  the  average  annual 
cost  estimated  for  this  option  presented  in  chapter  5. 
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The  synchrotron  would  then  shut  down,  and  the  laboratory's 
research  groups  would  continue  their  efforts  at  other  labora¬ 
tories.  Also,  accelerator  and  equipment  R&D  efforts  would 
continue  in  concert  with  other  laboratories.  This  option 
would  involve  an  average  annual  budget  for  the  1980s  of  $7 
million  to  $11  million. 

World  unification 

Under  an  international  mode,  the  synchrotron  would  oper¬ 
ate  as  a  jointly  funded  facility  for  polar ized-beam  operations 
for  6  months  per  year  over  a  6-year  period.  This  proposal 
would  be  similar  to  the  competitive  option,  except  that  labo¬ 
ratory  officials  envisioned  that  other  nations  would  bear  half 
the  operating  costs.  In  addition,  the  laboratory  would  con¬ 
tinue  experimental  research  and  accelerator  and  equipment  R&D 
activities.  The  average  annual  budget  for  the  1980s  would  be 
between  $6  million  and  $9  million. 

Derivative  participation 

According  to  Argonne  officials,  the  shutdown  of  their 
accelerator  essentially  fit  our  definition  of  derivative  par¬ 
ticipation.  Its  user  group  and  R&D  efforts  would  cost  an 
average  of  $6  million  to  $9  million  annually  during  1980  to 
1989. 

LAWRENCE  BERKELEY  LABORATORY 


The  Lawrence  Berkeley  Laboratory  in  Berkeley,  California, 
is  a  multi-program  laboratory  at  which  about  380  employees 
are  directly  involved  in  high  energy  physics.  Since  fiscal 
year  1974,  when  its  6-GeV  synchrotron  was  phased  out,  the 
laboratory  has  not  operated  a  high  energy  physics  acceler¬ 
ator  . 


Berkeley,  however,  still  has  a  strong  experimental  and 
theoretical  research  group,  continues  with  accelerator  and 
detector  R&D,  and  has  collaborated  with  Stanford  in  planning 
and  building  the  Positron  Electron  Project.  Within  Berkeley's 
multipurpose  laboratory,  high  energy  physics  is  considered 
important  as  a  training  environment  for  graduate  students  and 
a  source  of  techniques  and  instruments  useful  in  other  dis¬ 
ciplines.  The  laboratory's  average  annual  high  energy  physics 
budget  for  1975  to  1979  was  about  $13  million  in  1979  dollars. 

World  leadership 

Berkeley's  role  in  a  world  leadership  effort  would  be 
to  work  with  Stanford  to  develop  and  construct  a  large  new 
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laboratory  and  accelerator  complex  for  advanced  electron- 
positron  collisions.  Accelerator  R&D  would  be  pursued  with 
the  dual  objectives  of  increasing  the  performance  and  reduc¬ 
ing  the  costs  of  high  energy  accelerators. 

Berkeley  officials  stated  that  to  secure  world  leader¬ 
ship  in  electron-positron  physics,  the  United  States  must 
start  planning  for  a  new  laboratory  even  as  the  Positron 
Electron  Project  is  beginning  operations.  They  envisioned 
that  new  accelerator  development  and  construction  would  take 
place  during  the  last  half  of  the  1980s.  Staffing  would  ex¬ 
pand  75  percent  over  present  levels,  bringing  the  Berkeley 
laboratory ' s  average  annual  high  energy  physics  costs  for 
1980  to  1989  into  the  range  of  $24  million  to  $27  million. 

Competition  with  other  nations 

Competitive  experimental  research  in  the  early  part  of 
the  1980s  would  thoroughly  exploit  Stanford's  Positron  Elec¬ 
tron  Project.  In  the  latter  part  of  the  decade,  more  of  the 
research  would  be  at  Fermilab  and  Brookhaven.  Accelerator 
R&D  would  also  be  pursued.  In  collaboration  with  Stanford, 
improvements  would  be  proposed  for  the  Positron  Electron 
Project  in  the  1980s. 

Officials  said  the  Berkeley  laboratory  has  declined  over 
a  20-year  period  from  a  position  of  world  leadership  to  a 
collaborative,  competitive  level.  For  the  laboratory  to  re¬ 
main  competitive  would  require  a  doubling  of  funding  over  this 
decade.  A  substantial  funding  increase  in  1980,  when  the  Pos¬ 
itron  Electron  Project  begins  operations,  and  a  30  percent  in¬ 
crease  in  employees  through  1989  would  be  needed  to  maintain 
a  competitive  effort.  The  average  annual  budget  for  1980  to 
1989  would  range  from  $16  million  to  $19  million. 

World  unification  and 
derivative  participation 

Berkeley  officials  believed  that  neither  of  the  two 
options  constitute  a  viable  or  stable  policy.  They  indicated 
physicists  would  press  for  a  stronger  posture,  if  either  op¬ 
tion  is  pursued.  Failing  this,  the  high  energy  physics  com¬ 
munity  would  move  into  other  activities,  and  the  Nation  would 
lose  prestige,  opportunities  to  develop  new  technology,  and  a 
source  of  well  trained  physicists. 

Berkeley  would  phase  down  its  efforts  to  an  observer 
status  under  both  options,  and  it  would  maintain  a  group  of 
physicists  to  stay  in  touch  with  the  field  by  attending  meet¬ 
ings,  reading  literature,  and  conducting  experiments  at  other 
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laboratories.  Officials  indicated  the  phase  down  would  occur 
less  rapidly  under  the  world  unification  option  but  time 
schedules  or  detailed  budgets  were  not  provided.  A  $4  mil¬ 
lion  annual  budget  would  be  needed  to  support  the  group  they 
envisioned . 

On  the  other  hand,  Berkeley's  overall  input  indicated 
a  close  relationship  with  the  other  laboratories,  especially 
Stanford.  Since  Stanford  envisioned  significant  improvements 
under  the  world  unification  option,  we  assumed  that  Berkeley's 
budgets  for  the  competitive  option  ($16.4  million  to  $19.0 
million)  could  also  apply  to  this  option.  For  the  derivative 
option,  we  assumed  a  phasedown  parallel  to  Stanford's.  Ac¬ 
cordingly,  we  used  Berkeley's  minimal  budget  for  the  compet¬ 
itive  option  through  1985  and  its  estimate  of  the  user  group's 
needs  for  1986  to  1989,  yielding  an  average  annual  budget  of 
$11  million  to  $12  million. 

WILSON  SYNCHROTRON  LABORATORY 


The  Wilson  Synchrotron  Laboratory  in  Ithaca,  New  York, 
is  the  high  energy  physics  facility  of  Cornell  University's 
laboratory  of  nuclear  studies.  In  March  1965,  the  Foundation 
and  Cornell  University  entered  an  $11 . 3-million  contract  for 
the  construction  of  the  Wilson  Laboratory  with  a  10-GeV 
electron  synchrotron.  Accelerator  operations  began  in  1967, 
reached  10  GeV  in  1968,  and  ceased  at  12  GeV  in  1977.  In 
September  1977,  the  Foundation  and  the  University  began  to 
convert  the  synchrotron  accelerator  into  the  Cornell  Electron 
Storage  Ring,  an  8-GeV  x  8-GeV  electron-positron  beam  accel¬ 
erator.  The  conversion  project  is  estimated  to  cost  about 
$20.3  million  and  uses  the  electron  synchrotron  as  an  injec¬ 
tor.  The  accelerator  began  operations  in  the  fall  of  1979. 

Annual  funding  for  Cornell's  high  energy  physics  efforts 
ranged  from  $4.1  million  in  the  year  ending  February  1976  to 
$12.9  million  for  the  year  ending  October  1978.  The  earlier 
period  included  preconversion  operations,  and  the  latter  in¬ 
cluded  principally  construction. 
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World  leadership 

Cornell  proposed  to  build  a  more  powerful  accelerator, 
with  60-GeV  electron  and  positron  beams.  1/  It  would  be  com¬ 
pleted  with  four  experimental  areas  and  one  major  detector 
by  1987,  about  7  years  after  the  initial  operation  of  the 
present  ring's  8-GeV  beams.  An  interim  improvement  would  be 
to  increase  the  present  ring's  beam  energies  to  10  GeV  for 
1981  operations.  Laboratory  officials  believe  the  new  ring 
would  permit  the  United  States  to  move  toward  world  leadership 
in  the  electron-positron  colliding  beam  field.  The  machine 
is  expected  to  have  the  capability  of  reaching  the  energy  at 
which  the  carrier  of  the  weak  interaction  is  thought  to  exist. 
They  believe  it  can  be  built  and  begin  operations  before  the 
large  electron-positron  ring  currently  under  consideration 
by  the  European  high  energy  physics  community.  Under  this 
option,  the  laboratory's  average  annual  budget  from  1980  to 
1989  would  be  $27  million  to  $32  million. 

Competition  with  other  nations 

Cornell  officials  submitted  two  proposals  for  the  com¬ 
petitive  option.  The  first,  or  optimal,  proposal  called 
for  increasing  the  present  ring's  beams  to  10  GeV  for  1982 
operations,  along  with  major  improvements  to  the  presently 
planned  detector  and  the  construction  of  a  new  experimental 
hall.  Cornell  officials  believed  such  improvements  would 
provide  the  best  facility  for  studying  electron-positron 
collisions  in  the  center-of-mass  energy  range  between  6  and 
20  GeV.  Laboratory  officials  expect  the  facility  to  remain 
competitive  for  about  10  years.  Under  an  optimal  budget, 
this  proposal  would  cost  an  average  of  $8.6  million  a  year 
from  1980  to  1989. 

The  second,  or  minimal,  proposal  called  for  energy  in¬ 
creases  to  the  8-GeV  x  8-GeV  ring  and  only  minor  improvements 
for  the  detector.  Costs  would  be  relatively  stable  through 
1989,  when  <-he  accelerator  would  be  close  to  the  end  of  its 
lifetime.  Minimal  budgets  during  1980  to  1989  would  average 
$6  million  a  year — close  to  the  funding  currently  being  pro¬ 
vided  by  the  Foundation. 


1/Because  this  accelerator's  capabilities  apparently  would  be 
~  duplicated  by  Stanford  under  this  option  (see  p.  139)  we 
omitted  it  from  the  average  annual  cost  estimate  for  this 
option  presented  in  chapter  5. 
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World  unification 


Laboratory  officials  did  not  submit  any  proposals  di- 
rrctly  addressing  this  option.  However,  for  the  competitive 
option,  laboratory  officials  indicated  that  they  expect  to 
host  foreign  scientists  and  pointed  out  that  the  accelerator 
may  provide  opportunities  for  experiments  not  achievable  else¬ 
where.  Accordingly,  we  assumed  that  the  competitive  option, 
costing  $6  million  to  $8  million  a  year,  was  responsive  to  the 
general  aims  of  the  world  unification  option. 

Derivative  participation 

Under  this  option,  laboratory  officials  would  fully 
utilize  the  storage  ring,  but  make  no  attempt  to  improve  it 
or  the  detector.  They  envisioned  phasing  the  facility  out 
of  operation  in  1986.  However,  they  would  maintain  an  exper¬ 
imental  research  staff  and  continue  R&D  on  superconducting 
equipment.  They  believed  that  their  efforts  would  be  serious¬ 
ly  reduced  beginning  in  1986,  and  they  did  not  provide  budget 
figures  for  1986  or  thereafter.  For  the  10-year  period  end¬ 
ing  1989,  Cornell's  average  annual  high  energy  physics  budget 
would  be  $3  million. 
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Charge. 

Examine  the  health  of  the  National  High  Energy  Program  in  the  United 
States  and  to  assess-  the  support  required  to  assure  a  preeminent 
position.  There  should  be  special  emphasis  on  the  years  1980-1985, 
vlth  a  specific  focus  on  funding  in  1982,  and  an  examination  of  possi- 
billies  for  1986-1990. 

B.  Introduction. 

The  record  of  accompl  fsluncncs  In  High  Energy  Physics  In  the  United  States 
since  the  early  1950's  lias  consisted  of  many  major  findings,  both  In  the 
theoretical  and  experimental  domains.  This  success  is  reflected  by  the 
large  number  of  Nobel  Awards  granted  to  American  physicists  over  the  last 
25  years,  including  the  most  recent  award  to  Glashow  and  Uelnberg  (1979). 
Progress  in  this  field  arises  from  the  intricate  interplay  between  empiri¬ 
cal  discoveries  and  theoretical  insights.  Essential  to  this  process  are 
the  experimental  tools  needed  for  carrying  on  the  required  research,  namely 
the  accelerators.  The  evolution  of  such  machines  is  shown  in  Figure  1  where 
one  notes  that  the  attainable  beam  particle  energy  (whether  proton  or  elec¬ 
tron)  increases  by  a  factor  of  10  every  seven  years.  One  also  notes  the 
emergence  of  new  concepts  in  accelerator  design  every  five  to  ten  years 
(Electrostatic  Generators  giving  way  to  Cyclotrons  to  Linacs  to  Synchro¬ 
trons  to  Storage  Rings  to...)  which  allows  for  the  timely  and  cost  effective 
construction  of  even  higher  energy  machines.  The  discoveries  that  have  been 
made  utilizing  these  accelerators  have  been  enumerated  many  times,  the  latest 
by  the  Division  of  High  Energy  Physics  of  the  Department  of  Energy  in  June 
1979.  Nevertheless,"  If  is  important  to  briefly  mention  some  of  the  more  impor¬ 
tant  results. 

High  energy  physics  is  concerned  with  the  study  and  decipherment  of  the 
fundamental  constituents  of  matter  as  uell  as  an  understanding  of  their 
Interactions,  and  it  is  precisely  In  these  areas  that  major  breakthroughs 
have  been  made.  Ordinary  atoms  of  matter  consist  of  a  nucleus,  composed 
of  neutrons  and  protons,  surrounded  by  electrons.  In  fact  the  only  stable 
particles  are  the  electron  and  the  proton,  and  there  are  now  theories  which 
would  even  have  the  proton  decay.  New  particles  with  unexpected  properties 
have  been  found  In  both  the  area  associated  with  electrons  (leptons)  and 
vlth  the  proton  (hadrons).  These  include  the  so-called  strange  particles, 
whose  number  eventually  reached  well  over  one  hundred;  charm  particles, 
e^en  more  massive  particles  that  lived  an  unexpectedly  long  time;  and  the 
■ore  recently  found  T  (upsllon)  family,  again  more  massive  states,  ten  times 
heavier  than  the  proton.  These  findings,  coupled  with  studies  of  the  inter¬ 
action  of  electrons,  neutrinos  and  nucleons  with  nucleons,  have  led  to  formu¬ 
lation  of  the  quark  model  of  matter,  whereby  all  these  particles  (hadrons) 
are  composites  of  more  fundamental  quantities,  called  quarks,  which  come  In 
a  more  limited  variety,  of  the  order  of  five  or  six  basic  units.  Very  analo¬ 
gous  developments  have  occurred  in  the  lepton  domain  where  a  similar  prolif¬ 
eration  of  fundamental  particles  has  evolved.  Starting  from  the  well  known 
electron  and  the  elusive  neutrino,  the  catalogue  has  been  increased  by  the 
discovery  of  a  heavier  elcctrc  ,  the  muon  (|i)  ;  then  a  second  neutrino  and 
moreTrecently  an  even  heavier  lepton  the  tau  (l)  lepton.  In  both  these 
•reai,  hadrons  and  leptons,  we  arc  confronted  with  a  situation  where  the 
basic  quantities  no  longer  number  1,  2  nr  J,  but  5  or  6  and  may  even  increase. 
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Figure  1 

Energy  growth  of  accelerators  and  storage  rings 
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We  are  Ted  to  believe  that  nature  is  not  as  simple  as  we  thought  and  in¬ 
deed  that-  there  may  be  another  layer  of  more  fundamental  quantities  whose 
dimensions  are  less  than  10~*^cm. 

We  have  already  alluded  to  the  study  of  the  mutual  interaction  of  particles 
which  occurs  through  the  action  of  a  variety  of  forces.  A  proper  and  ex¬ 
citing  activity  has  been  the  investigation  of  the  properties  of  these 
forces  which,  at  present,  we  separate  into  four  types.  The  gravitational 
force  Is  the  most  familiar  since  it  is  what  gives  us  weight  and  is  responsi¬ 
ble  for  preserving  the  stability  of  our  planetary  system.  The  next  most 
familiar  Interaction  is  the  electromagnetic  force  since  it  occurs  between 
all  charged  particles  and  such  is  our  sophistication  in  this  area  that  we  can 
predict  effects  to  an  accuracy  of  one  part  in  10*®.  The  third  force,  the 
strong  Interaction,  is  responsible  for  holding  protons  and  neutrons 
together  as  well  as  causing  the  scattering  of  hadrons  on  hadrons.  The  weak 
force  Is  the  fourth  and  Is  the  one  responsible  for  the  radioactive  decay  of 
many  particles  as  well  as  the  Interaction  of  neutrinos  with  other  particles. 
Indeed  one  recent  exciting  prospect  Is  that  the  weak  and  electromagnetic 
forces  may  not  be  different  but  part  of  one  unified  force.  In  the  same  way  that 
electricity  and  magnetism  although  appearing  quite  different  are  one 
electromagnetic  force..  .If,  this,  is  correct,  then  the  carrier  of  this  combined 
force  Is  expected  to  be  MOO  times  more  massive  than  the  proton  and  observable 
In  the  next  generation  of  accelerators.  A  more  ambitious  hope  is  a  grand 
unification  of  all  the  forces,  gravitational,  strong,  electromagnetic  and 
weaki  but  this  auaits  future  Newtons  or  Maxwells  and  possibly  experimental 
devices  that  have  yet  to  be  conceived. 

In  all  of  these  activities,  physicists  in  the  United  States  have  played  a 
preeminent  if  not  a  dominant  role.  However,  there  Is  some  doubt  as  to  the 
continuation  of  this  trend  due  to  a  variety  of  factors  including  funding 
levels.  In  this  report  we  examine  the  present  state  of  high  energy  physics 
In  the  United  States  and  attempt  to  assess  the  requirements  to  assure  a  pre¬ 
eminent  posture  over  the  next  five  to  ten  years. 
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c: 


Historical  Perspective. 

It  has  been  an  accepted"  and  effective  procedure  In  high  energy  physics 
to  periodically  examine,  via  the  establishment  of  a  prominent  panel  of 
physicists,  the  health  and  future  of  the  field.  Among  these  have  been 
the  Ramsey  Panel  (1965),  the  Pake  Panel  (1966),  and  more  recently  the 
three  Woods  Hole  Subcommittees  of  HEPAP  (1974,  1975,  1977)  chaired  re¬ 
spectively  by  Welsskopf,  Low  and  Sandueiss.  In  parallel  with  these 
latter  studies,  there  was  a  report  by  the  DOE  staff  entitled  "Long  Term 
Strategy  for  Construction  and  Operation  of  High  Energy  Physics  Facilities" 

In  1976.  At  the  same  time,  the  high  energy  community  has  advised  the 
government  on  a  continuing  basis  via  HEPAP.  If  one  had  to  characterize 
the  field  of  HEP  over  the  past  fifteeen  years,  above  and  beyond  the  major 
scientific  discoveries  discussed  above,  we  would  note  the  planned  and 
systematic  closing  of  the  lower  energy  facilities  in  order  to  construct 
and  utilize  the  new  frontier  machines.  The  accelerator  centers  which 
have  fallen  victim  of  this  trend  are  the  Cosmotron  (1966),  the  Princeton - 
Pennsylvania  Accelerator  (1970),  the  Cambridge  Electron  Accelerator  (1972), 
the  Bevatron  (1974),  and  most  recently  the  Zero  Gradient  Synchrotron  (1979). 

The  funding  pattern  of  the  field  during  this  period  can  be  considered  to 
have  been  viable  during  the  period  up  through  1970,  but  was  followed  by  a 
disastrous  decreases  until  1975.  Furthermore,  there  were  no  new  con¬ 
struction  projects  authorized  during  the  nine  year  period  following  the 
authorization  of  the  creation  of  the  Fermi  National  Accelerator  Laboratory 
at  Chicago  in  1968  until-the  commitment  to  build  the  e+e~  PEP  machine  at 
Stanford  In  1977. 

The  crucial  planning  agreements  for  this  period  are  the  1977  HEPA1'  Subpanel 
report  and  the  "treaty"  between  Dr.  J.  Deutch  and  the  Office  of  Management 
and  Budget  in  1978.  The  main  components  of  these  agreements  are  summarized 
below. 


1.  Woods  Hole.  The  1977  New  Facilities  Panel  met  and  considered  the 
proposals  for  new  tools  In  the  field,  and  made  the  following  recom¬ 
mendations,  which  were  endorsed  by  HEPAP: 


(a)  We  recommend  as  our  first  priority  the  authorization  of  the 
Brookhaven  proposal  for  the  construction  of  the  proton-proton 
colliding  beam  facility  ISABELLE,  to  operate  with  a  maximum 


energy  of  about  400  GeV  per  beam  and  a  peak  luminosity  of  10 


33 


--2 


„-l 


(bl)Ue  recommend  authorization  in  FY  1979  of  $12.8  million  for 
Tevatron  construction  (sufficient  apparatus  and  facilities  to 
convert  the  completed  Energy  Doubler/Saver  R/D  project  to  an 
accelerator  and  to  extract  a  1  TeV  beam  to  an  appropriate  bean 
dump  or  target).  We  also  recommend  authorization  of  — $10  million 
_ln  FY  1979  for  the  highest  priority  projects  that  will  enable 
JFNAL  to  begin  the  exploitation  of  the  Tevatron  for  fixed  target 
TeV  physics. 
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(b2)Ue  recommend  that  funds  be  provided  in  FY79  for  construction  of  the 
necessary  facilities  and  apparatus  needed  in  support  of  an 
accelerator  R/D  program  on  p-p  and  pp  colliding  beams  at  FNAL. 

The  committee  was  very  enthusiastic  about  the  opportunities  that  would  be 
made  available  by  the  high  energy  and  high  luminosity  machine  at  Brookhaven. 

They  recommended  that  ISA  be  built  as  fast  as  possible. 

The  committee  also  felt  that,  in  Che  context  of  the  national  program,  the 
highest  possible  energy  fixed-target  physics  at  FNAL  was  of  prime  Importance. 

The  committee  was  excited  b£  the  future  potential  for  colliding  bunched  beams 
of  very  high  energy  p-p  or  p-p  at  FNAL.  Many  unanswered  questions  vis-3-vls 
beam  dynamics  existed,  and  so  support  for  R/D  work  to  understand  these 
problems  was  proposed.  However,  the  R/D  work  should  not  Interfere  with  the  fixed 
target  program. 

The  committee  felt  that  high  in  its  priorities  for  the  national  HEP  program 

were  to  maintain  balance  and  diversity  among  the  separate  laboratories  because  there 

was  a  real  need  for  the  different  types  of  accelerators,  each  with  its  own  unique 

capabilities.  The  main  thrust  would  be  at  the  highest  energies,  pushing 

the  frontiers  of  the  field,  but  much  important  work  would  also  be  done  at 

low  energies,  work  that  would  be  vital  to  the  progress  of  the  field. 

Geographical  balance  was  also  an  important  issue. 

2.  Funding  Scenarios.  The  following  budget  scenarios  were  considered  when 


reviewing  the  future: 

[include  both  NSF 

and  ERDA 

(now  DOE)  support] 

Base  Budget. 

FY78  Dollars 

FY79  Equivalent 

$290M  oper.  & 
60M  const. 
5350M 

equip. 

($373M) 

High  Budget. 

FY78  Dollars 

FT79  Equivalent 

$305M  opet .  & 
70M  const. 
5375M 

equip. 

($AOOM) 

Low  Budget. 

FY78  Dollars 

FY79  Equivalent 

$256M  oper.  & 
47M  const. 
$303M 

equip. 

$2*  NSF 
300M  DOE 
5323M 

For  all  scenarios  the  committee  wished  to  retain  work  in  all  three  main 
thrust*  of  our  program:  colliding  e+e,  colliding  proton  ring,  and  highest 
energy  fixed  target  collisions,  and  felt  strongly  that  all  are  essential 
to  maintain  the  cutting  edge  of  this  important  area  of  science. 

The  consequences  of  the  "Low"  budget  are  spelled  out:  stretching  out  of 
construction,  marginal  utilization,  and  severe  pressure  on  the  lover  energy 

program. 
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Indeed,  they  felt  that  on  a  long  term  basis  this  level  Is  close  to  that 
which  would  require  a  drastic  revision  in  the  long  range  program  and  Is 
probably,  not  adequate  to  keep  the  United  States  In  a  world  competitive 
situation  In  this  field. 

3.  The  Deutch  Plan.  The  above  sub-panel  report,  and  Its  subsequent  endorsement 
by  HEPAP  was  followed  by  an  agreement  between  Dr.  J.  Deutch  of  DOE  and  the  OMB 
on  the  support  level  of  HEP  over  the  next  five  years.  This  agreement,  or 
"treaty,"  was  to  provide  a  five  year  plan,  a  basis  for  long  range  planning 

In  the  field  and  give  some  stability  to  the  field's  funding.  It  reversed 
a  very  disturbing  trend  of  falling  operations  support  and  no  new  construc¬ 
tion  for  a  period  of  nine  years.  The  treaty  spelled  out  the  following 
points: 

(a)  ISA  should  be  funded  at  $23M  In  FY79  as  part  of  a  balanced  multi-year 
HEP  program. 

(b)  This  program  is  essential  to  preserve  U.S.  world  leadership  In  HEP. 

(c)  It  Is  based  on  three  national  labs:  at  BNL,  SLA C,  and  FNAL. 

(d)  It  is  In  Che  best  interests  of  DOE  and  OMB  to  avoid  large  changes 
In  total  funding  levels  from  year  to  year. 

It  was  agreed  that  $3G0M  DOE  +■  23M  NSF  In  FY7?  dollars,  over  the  next 
several  years  would  provide  for  programmatic  stability,  continued  leadership 
In  the  field,  and  completion  of  ISA  on  a  reasonable  schedule. 

The  treaty  allowed  for  HEP  sharing  In  any  real  increase  for  basic  research 
funding  proposed  by  the  government  at  same  level. 

4.  Comments  on  the  Impact  of  These  Agreements. 

The  community  accepted  this  response  fnom  VOE  and  0 MB,  and  has  trued  to 
plan  and  Live  within  the  boundi  of  the  "Vewtch  Tneatij."  It  should  be 
noted  that  this  lou)  Budget  figuae  was  viewed  ai  being  maAginal,  and  if 
it  UK-. e  to  persist  the  field  would  nisk  losing  its  pae- eminent  position, 
and  would  have  to  a evise,  and  drastically  retrench,  its  program  to 
remain  viable. 


The  predicted  hard  times  have  Indeed  come  about.  The  community  had  planned 
around  the  $323m  level,  and  proceeded  with  the  best  HEP  program  that  could 
be  marshalled.  Uhat  are  the  problems? 

(a)  The  $323M  was  marginal  as  stated  from  the  outset;  It  was  given  a 
"best  efforts"  chance,  but  as  stated  In  the  '77  HEPAP  report,  such 
a  level.  If  maintained  for  a  long  period,  may  require  drastic  changes 
In  the  program  within  a  few  years. 
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(b)  The  European  competition  has  been  supported  very  well,  both  nations  Hy, 
by  the  Cermans  at  Hamburg,  and  Internationally,  at  the  joint  European 
lab  jn  Ceneva.  This  vigorous  and  ambitious  program  in  Europe  challenges 
the  U.S.  leadership ' in  high  energy  physics  of  the  past  thirty  years. 

<s 

(c)  The  cost  of  building  the  new  super-conducting  accelerators  has  been 

more  than  Initially  projected.  These  represent  the  first  large  scale 
application  of  super-conducting  technology,  and  the  real  costs  of 
making  the  final  system  have  only  emerged  since  the  Uood's  Hole  studies. 
The  enterprise  is  of  major  significance  to  United  States  engineering 
and  industrial  communities,  and  ensures  the  U.S.  of  technical  leadership 
in  the  world  in  this  area.  1 

(d)  The  operations  costs  for  the  existing  facilities  have  escalated  somewhat 
faster  than  the  standard  cost  of  living  index,  due  to  special 

costs  Increases  in  energy  and  for  accelerator  components. 

(e)  In  meeting  the  budget  pressures  and  striving  for  the  construction  of  the 
needed  frontier  tools,  the  utilization  of  the  existing  facilities  has 
been  drastically  squeezed.  All  of  the  laboratories  are  now  running  in 

a  mode  with  very  high  leverage  quotient  (i.e.,  the  fractional  increase 
in  utilization  for  a  given  Increase  in  operating  support),  and  are 
operating  well  below  ^h_e  ^OZ_exploitation  level.  This  represents  a 
poor  use  of  our  investment. 

(f)  In  meeting  the  budget  pressures,  the  R/D  into  new  detection  apparatus 
and  into  new  technologies  for  accelerating  have  been  severely  reduced. 

This  is  not  a  healthy  situation!  Referring  back -to  the  famous  and 
impressive  Fig.  1  one  sees  that  the  impetus  Chat  has  pushed  the 
field  to  ever  higher  energy  frontiers  (which  corresponds  to  looking 
at  smaller  and  smaller  distances)  does  not  come  from  squeezing  the 
last  out  of  an  existing  technology,  but  derives  from  the  invention  and 
incorporation  of  exciting  new  ideas  for  the  acceleration  of  charged 
particles.  We  need  to  spend  some  of  our  resources  to  continue  to  play 
our  part  in  this  impressive  heritage. 

Below  we  will  review  the  present  status  of  the  U.S.  high  energy  physics  program, 
and  look  at  the  future  with  its  problems  and  its  promises.  Howeven,  befone 
going  on,  it  ii  impontant  to  note  that  despite  the  veny  neat  pnoblemi  that 
thii  field  ii  facing  in  tenmi  of  iuppont.,  despite  the  itnong  challenge  to 
U.S.  leademhip  by  an  aggneaive  and  well  iupponted  Eunopean  pnognam,  dupite 
the  loit  oppont tviit y  implicit  in  oun  unden- utilization  of,  oun  facititiei-- 
deipite  all  of  thii--it  ii  ncmankabte  how  cloic  we  have  come  to  having  a 
veny  healthy  U.S.  HEP  pnognam.  In  oun  neview  of  the  pnognam,  pnenent  and 
futwie,  in  the  following  iectiom  we  will  angue  that  an  ineneane  ii  indeed 
nequined  if  the  "NATIONAL  TRUST"  of  a  pne- eminent  U.S.  high  enengy  phtjiici 
pnognam  it  to  be  hononed,  but  that  thii  incnea&e  ihould  be  veny  much  along 
the  minimum  pnognam  of  1977  and  would  nequinc  20 1  ineneane  in  funding  level 
diitnibutid  oven  the  categoniei  of  openatiom,  equipment,  neio  conitnuction, 
and  R/V.  Such  a  iuppont  level  would  emune  the  U.S.  of  a  itnong,  healthy 
HEP  pnognam. 
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U.S.  High  Energy  Physics  Program  (1980-1985). 

Assumptions  on  Basic  Policy. 

As  we  discuss  Che  U.S.  HEP  program  over  the  next  decade,  first  In 
some  detail  for  the  period  '80- ’85  and  then  rather  more  specula¬ 
tively  for  the  last  half  of  the  decade,  we  make  the  following 
assumptions  as  necessary  ingredients  for  a  healthy,  viable,  and 
competitive  program. 

(a)  There  should  be  three  centers  for  HEP  research  funded  by  DOE — 
at  Brookhaven,  Fermilab,  and  Stanford,  and  that  these  centers 
will  remain  viable  for  the  indefinite  future.  These  labora¬ 
tories  will  continue  to  support  the  research  of  the  University 
user  community,  which  currently  Involves  80  Institutions. 

The  Uood’s  Hole  panels  felt  strongly  that  the  diverse 
and  complementary  HEP  program  afforded  by  these  three 
national  research  centers  working  on  their  separate  and 
unique  frontiers  was  a  very  important  Ingredient  In  the 
national  plan.  Furthermore,  it  offers  the  University- 
based  community  a  wide  choice  of  which  problems  to  attack, 
and  how  and  where  to.  pursue  their  experiments.  This,  and 
the  different  styles  of  physics  and  management  at  the 
different  laboratories,  has  played  a  significant  role  In 
the  past  productivity  and  leadership  of  the  U.S.  national 
program. 

(b)  Utilization  of  major  accelerators  should  not  fall  substantially 
below  a  level  of  about  50Z. 

There  is  little  more  to  say.  Clearly,  if  the  exploitation 
of  our  major  facilities  falls  below  50Z,  then  we  have  a 
mis-match  with  our  capital  investment.  The  new  facilities 
are  required  to  keep  our  U.S.  HEP  program  at  the  cutting 
edge  of  our  science  and  competitive  internationally. 
Currently  we  are  in  the  position  of  under-utilizing  or 
under-exploiting  our  powerful  research  centers — a  matter 
of  grave  concern. 

(c)  Approximately  20-30Z  of  total  funding  should  be  dedicated  to  the 
construction  of  new  facilities  which  advance  the  frontier  of 
our  field. 

This  has  been  discussed  at  length  in  Wood's  Hole  panels 
and  regular  HEPAP  meetings.  The  imperative  of  spending 
a  fraction  of  the  national  support  on  Innovative  new 
facilities  which  allow  experiments  at  higher  energies  or 
the  study  of  new  kinds  of  collisions  Is  unanimously 
endorsed.  It  has  been  estimated  that  about  one  fourth 
is  the  optimum  balance  of  the  Investment  in  new  construc¬ 
tion  and  In  exploiting  the  existing  facilities.  If  the 
fraction  Is  much  larger,  then  existing  facilities  will 
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not  be  exhaustively  exploited  before  most  experimenters 
move  on  to  the  use  of  new  Installations.  Conversely,  if 
the  number  is  much  smaller,  then  the  program  will  be 
headed  slowly  for  extinction  through  obsolescence. 

(d)  There  should  be  an  adequate  pace  of  accelerator  research  and  devel¬ 
opment  activities  to  support  Innovative  future  construction. 

The  importance  of  this  assumption  is  dramatically  portrayed 
in  Fig.  1  ,  which  demonstrates  that  the  energy  frontier 

in  HEP  has  advanced  by  an  order  of  magnitude  every  7-8 
years,  with  a  corresponding  decrease  in  the  cost  per  unit 
of  energy  by  a  factor  of  a  million  over  forty  years.  The 
advances  have  come  about  through  imaginative  new  develop¬ 
ments  in  accelerator  technology  and  not  by  wringing  the  last, 
expensive  "drop"  out  of  existing  techniques.  This  impressive 
historical  heritage  demands  that  a  significant  portion  of 
our  funds  be  invested  in  searching  for  clever  new  and 
economical  ways  to  accelerate  particles  to  high  energies. 

(e)  There  snouro  oe  aaequate  support  to  assure  that  U.S.  physicists  and 
laboratories  will  continue  to  play  a  major  leadership  role. 

The  international  position  of  the  U.S.  In  this  field  is  a 
question  of  national  policy.  The  Department  of  Energy  is 
explicitly  charged  with  maintaining  U.S.  leadership  in 
the  field  of  high  energy  physics.  Nearly  everyone  would 
find  it  unacceptable  to  permit  this  field,  among  the  most 
basic  of  all  the  sciences,  to  become  a  purely  derivative 
science  in  the  U.S.,  with  all  new  results  generated  at 
foreign  installations.  At  the  same  time  to  demand  complete 
U.S.  dominance  in  the  field  would  be  unrealistic,  consider¬ 
ing  the  aspirations  and  competence  of  foreign  scientific 
undertakings.  The  state.'  planning  assumption  thus  reflects 
an  intermediate  position  between  these  two  extremes. 

2.  Present  Facilities. 

A  brief  description  is  given  below  of  the  present  status  and  of  the 

discernible  future  course  of  each  laboratory. 

(a)  UHL 

The  major  facility  at  BNL  is  the  ACS,  a  33  CeV,  fixed  target, 
proton  accelerator  which  began  operation  in  1960.  By  present 
Standards  the  energy  of  this  machine  is  low  and  many,  through 
certainly  not  all,  of  the  experiments  using  its  beams  are  no 
longer  at  the  very  forefront  of  exploratory  physics.  Important 
results  of  recent  years  Include  the  discovery  of  the  J  particle,  the 
charmed  baryon A  ,  and  various  measurements  of  neutrino  interactions. 
The  ACS  will  cSntlnue  to  have  importance  to  the  U.S.  high  energy 
physics  program  since,  with  the  shut-down  of  the  Argonne  ZCS 
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machine.  It  Is  the  only  remaining  hadron  facility  with  broad 
capability  In  the  0-30  CeV  energy  range.  In  particular.  It 
seems  likely  that  Important  physics  results  will  be  obtained  with 
the  AGS  during  the  next  five  years  Involving  the  spin  dependence 
of  Interacting  hadronic  particles.  Such  studies  require  a  modest 
modification  of  the  ACS  which  are  presently  under  consideration. 

The  major  authorized  project  for  the  future  at  BNL  is  the  400 
on  400  GeV  colliding  proton  machine  ISABELLE.  In  colliding  beam 
machines  the  energy  available  for  the  production  of  new  particles 
Is  proportional  to  the  beam  energy,  whereas  for  fixed  target 
machines  It  varies  only  as  the  square  root  of  the  bean  energy. 
ISABELLE  will  give  us  an  order-of-magnltude  Increase  In  energy 
available  for  new-particle  production  and  therefore  represents  a 
major  expansion  of  the  frontier  of  high  energy  physics.  A  very 
Important  attribute  of  ISABELLE  is  its  high  Intensity  which  will 
allow  rapid  data  accumulation  as  well  as  exploration  of  rare 
processes.  ISABELLE  will  therefore  allow  for  definitive  searches 
for  the  W  and  Z  particles,  possible  new  members  of  the  quark 
family,  and  most  important' for  the  completely  unexpected  which 
historically  has  accompanied  the  advent  of  nearly  all  new  machines. 
At  present  It  Is  foreseen  that  ISABELLE  will  commence  operation 
In  mld-1985. 

(b)  Fermi lab 


At  Fermilab  the  major  facility  consists  of  a  400  CeV,  fixed  target, 
proton  accelerator  which  has  been  In  operation  since  1973.  With 
Its  large  variety  of  secondary  beams,  Fermilab  has  provided  the 
opportunity  for  many  different  types  of  experiments.  Major  results 
Include  the  discovery  of  anomalous  lepton  production,  the  discovery 
of  the  upsllon  particle,  measurements  of  hadronic  particle  structure, 
and  studies  of  weak  Interactions  with  neutrino  beams.  While  the 
400  GeV  program  Is  still  at  the  forefront  of  high  energy  physics 
research.  It  has  now  reached  a  mature  stage  where  some  of  the 
excitement  has  been  replaced  by  a  more  systematic  approach  to  various 
experimental  questions.  Looking  to  the  future,  Fermilab  has  been 
authorized  to  upgrade  Its  accelerator  by  means  of  adding  a  string 
of  superconducting  magnets  (wl,000)  placed  directly  beneath  the 
present  accelerator  ring.  This  allows  for  a  variety  of  thrusts; 
large  power  cost  savings  can  be  realized  by  running  the  present 
accelerator  up  to  100  CeV  and  then  transferring  the  beams  Into  the 
superconducting  ring  for  attaining  400-500  CeV  (Saver  Mode);  the 
additional  superconducting  ring  will  also  provide  the  opportunity 
to  rdach  very  high  energies  by  means  of  colliding  beams  head  on. 

This  would  Involve  a  complex  scheme  of  producing  and  accumulating 
antiprotons  and  then  simultaneously  accelerating  these  antlprotons 
with  counter  rotating  protons  to  a  center  of  mass  energy  of  "w2,000 
CeV  (TEVATRON  I);  the  superconducting  second  ring  also  allows  for 
accelerating  the  primary  protons  up  to  1,000  CeV,  thereby  doubling 
the  energy  of  the  fixed  target  orogram  involving  neutrino,  muon 
and  hadron  collisions  wlt*>  high  Intensities  and  cncrcio*.  (TEVATROS  II). 
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(c)  SLAC 

The  third  major  laboratory,  SLAC,  presently  operates  two  distinct 
facilities  and  will  soon  add  a  third.  They  consist  of  the  two- 
■lle  linear  electron  accelerator  (L1NAC)  and  the  small  electron- 
positrop  storage  rings,  SPEAR,  to  be  Joined  in  April-May  by  the  large 
electron-positron  storage  ring,  PEP.  The  LINAC  began  operations  as  a  20  CeV 
fixed  target  accelerator  In  1965.  Through  an  ongoing  upgrading  It  is  now 
running  at  10  CeV  and  will  slowly  reach  35  CeV.  SPEAR  has  been  able  to 
attain  c.m.  energies  of  approximately  8  CeV,  while  PEP  will  go  to 
36  CeV.  Major  results  obtained  at  SLAC  Include  detailed  studies  of 
nuclear  structure,  the  discoveries  of  various  particles  containing 
charmed  quarks,  the  discovery  of  the  1  lepton,  and  a  precise 
measurement  of  parity  violations  in  weak  neutral  Interactions.  It 
is  probably  fair  to  say  that  SLAC  has  been  a  dominant  force  in  high 
energy  physics  during  the  period  1974-79.  In  particular,  SPEAR  has 
shown  that  electron-positron  annihilations  provide  an  extremely 
clean  method  of  producing  new  particle  types.  PEP  hopefully  will 
extend  this  kind  of  research  to  higher  energies.  Important  results 
ate  expected  on  the  relationship  between  hadrons  and  their  constituent 
quarks  and  gluons,  on  weak-electromagnetic  interference  effects,  and 
possible  additional  particle  types. 

Further  expansion  of  the  e*e  capabilities  at  Stanford  are  being 
studied.  The  most  excitjng  possibility  Involves  the  creation  of 
very  tiny,  high-current  beams  of'  e+  and  e~  which  clash  in  a  once- 
only  mode,  but  allow  study  of  e+  e"  annihilation  processes,  with 
reasonable  luminosities,  up  to  energies  of  MOO  CeV.  This  projec* 
has  the  double  merit  of  allowing  the  possibility  of  the  U.S.  once 
again  taking  the  leadership  In  e+e“  studies  with  a  very  clever, 
innovative  and  "cheap"  Z°  factory  (l.e.,  cheap  compared  to  the 
European  LEP  proposal  for  a  2°  factory  with  conventional  technology), 
and  also  of  allowing  the  accelerator  R/D  experience  of  such  devices 
which  are  the  field's  only  hope  of  continuing  this  clean,  point-llke 
probe  of  matter  to  even  higher  energies  and,  consequently,  to  even 
smaller  and  smaller  distances. 

In  this  section  we  have  focused  on  the  three  major  laboratories.  However, 
it  would  be  Improper  to  exclude  from  this  discussion  the  N.S.F.  supported 
effort  at  Cornell  University  involving  an  electron-positron  collider, 

CESR,  with  a  top  c.m.  energy  of  16  CeV.  Operation  of  this  facility  has 
Just  begun  and  has  already  added  important  and  unique  contributions  to  our 
understanding  of  the  quarks  contained  in  the  upsllon  particle.  In 
particular,  three  and  possibly  four  excited  states  of  the  T  have  been 
observed  and  the  energy  and  luminosity  of  this  machine  Is  extremely  well 
matched  to  unraveling  the  mysteries  of  upsilonlum  physics.  It  should  be 
noted  that  Cornell  is  also  considering  future  possibilities  of  strengthening 
the  study  of  e+e_  collisions  by  going  to  higher  energies,  however  their 
deliberations  are  not  as  far  along  as  those  at  Stanford. 

It  should  also  be  remembered  that  high  energy  research  conducted  by  university 
physicists  has  been  centra]  to  much  of  the  progress  of  particle  physics  and 
has  also  provided  the  training  of  nearly  all  of  the  scientists  entering  Che 
field.  Continued  support  of  the  university  community  Is  therefore  vital 
to  the  long-range  future  of  high  energy  physics.  It  Is  foreseen  in  present 
planning  that  future  support  of  this  university  coirenunlty  should  be  strongly 
maintained  and  strenghened. 
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When  reviewing  the  facilities  now  In  operation  or  under  construction. 
It  Is  difficult  not  to  be  struck  by  how  well  the  predictions  for  this 
period  made  In  the  1976  report — "Long  Term  Strategy  for  Construction 
and  Operation  of  HEP  Facilities" — have  come  to  pass.  See  below  for  an 
excerpt  from  that  report. 

(1)  Facility  utilization  levels  of  about  70  to  75  per  cent. 

(2)  A  15  CeV  x  15  CeV  positron-electron  colliding  beams  facility 
(PEP)  Jointly  operated  by  SLAC  and  LBL,  using  the  present 
SLAC  llnac  as  an  Injector.  (SPEAR  would  be  shut  down  when 
PEP  comes  Into  operation.) 

(3)  Higher  energy  electron  (and  positron)  beams  on  fixed-targets 
at  the  SLAC  linear  accelerator  as  a  result  of  improvements 
already  underway  (SLED).  In  1985  the  SLAC  llnac  would  be 
operating  primarily  In  this  higher  energy  (20-45  GeV)  region 
for  fixed  target  physics. 

(4)  A  200  GeV  x  200  CeV  proton-proton  colliding  beams  facility 
(ISABELLE)  In  operation  at  BNL  using  the  ACS  as  an  injector. 

With  authorization  In  FY  1978,  Initial  operation  would  be 
about  1983. 

(5)  An  AGS  proton  beam,  fixed-target  program,  up  to  33  GeV,  with 
broadened  emphasis  to  Include  the  lower  energies,  compensating 
for  the  ZGS  which  might  be  shut  down  about  FY  1981. 

(6)  A  FERMI LAB  facility  which  would  have  had  substantial  growth  In 
the  experimental  areas  and  In  Its  capabilities.  Some  high 
energy  proton  beam,  fixed-target  capability  up  to  perhaps 
800-1000  GeV  would  be  available  based  on  the  successful  devel¬ 
opment  of  the  Energy  Saver/Poubler.  This  development  would  be 
an  Important  expansion  of  the  FERM1LAB  capability,  hopefully 
having  been  successfully  accomplished  shortly  after  the  opera¬ 
tion  of  the  400  CeV  SPS  at  CERN  entered  Its  second,  heavily 
equipped  stage  lh  1978. 

(V)  A  roultl-TeV  proton  fixed-target  accelerator  and/or  colliding 
beams  facility  would  be  nearing  completion  of  construction 
at  FERMI LAB. 

It  would  make  use  of  the  superconducting  magnet  and  cryogenic 
developments  of  the  Energy  Saver/Doubler  program  and  would  use 
the  FERMILAB  machine  together  with  the  Energy  Saver/Doubler  as 
aii  Injector.  Construction  would  have  started  about  1980  and 
be  scheduled  for  completion  about  1986. 
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In  sunury,  for  the  five  years  under  discussion  we  would  have  the  following 
facilities: 

FHAt  jrhe  Tevatron,  1  TcV  fixed  target  physics. 

A  2  TeV  Colliding  pp  Facility 
BNL  30  CeV  fixed  target  proton  in  ACS. 

400  X  400  CeV  p-p.  high  luminosity,  (ISABELLE) 

SLAC  Linac  operating  up  to  50  CeV  -  with  dropping  exploitation 

for  HEP  -  down  to  20Z  by  1985. 

SPEAK  -  e+e”  3.5  X  3.5  CeV  -  stopping  HEP  by  1985 
PEP  -  e+e”  17  X  17  CeV  -  running  through  the  decade 
CORNELL  CESR  ~  e^e”  8x8  CeV. 

e+e'  New  initiative  in  the  100  CeV  energy  region.  The  only 

"*  existing  proposal  for  such  a  machine  is  the  Single  Pass 

Collider  from  Stanford. 

See  Figure  2. 


3.  The  International  Scene. 

Having  described  the  facilities  in  the  U.S..  we  now  consider  the 
international  situation.  In  Figs.  3  and  4  are  shown  the  various  accelerator 
and  colliding  beam  facilities  around  the  world. 


Considering  only  the  larger  machines  in  these  plots,  we  observe  that 

the  operating  machines  in  the  U.S.  and  Europe  are  well  matched  in 

capability  -  the  CERN  P.S.  and  BNL  ACS  are  comparable,  as  are  the  SPS 

and  FNAL's  400  CeV  machine  and  SPEAR/PEP  with  DORIS/PETRA.  The  only 

unique  machines  are  the  SLAC  linac  and  the  ISR  at  CERN.  However,  as 

VC  wove  into  the  coming  generation,  ve  see  that  successful  completion 

of  the  Tevatron  project  will  make  FNAL  a  unique  facility  in  that  it 

will  have  twice  the  energy  of  the  SPS.  The  pp  collider  will  emerge  as 

the  highest  energy  proton  -antiproton  co  llder,  being  four  times  the  energy 

of  a  similar  project  at  CERN.  The  ISA  at  Brookhaven  will  also  be  unique 

in  terms  of  the  luminosities  by  roughly  three  orders  of  magnitude  at 

such  high  energies.  In  the  case  of  e+e~  machines  there  are  proposals 

for  comparable  machines  to  study  the  Z—  the  European  one  an  extrapolation 

of  conventional  storage  ring  technology  to  probably  its  last  step,  expens  ve 

and  operating  not  before  1988,  possibly  1986,  while  the  U.S.  discussion  presently 

center  on  an  exciting,  novel  idea  which  is  about  one-tenth  the  cost  and 

could  be  built  by  1985 — but  has  only  about  one-hundredth  the  luminosity 

Of  the  European  machines.  (The  luminosities  are,  however,  large  enough 

by  far  to  allow  study  of  the  2°  particle.) 
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4.  Competitiveness  with  the  European  Program. 

la  basic  science  to  be'  first  with  a  correct  result  Is  everything.  It 
Is  therefore  not  Just  sufficient  to  review  the  Intrinsic  merit  of  the 
future  high  energy  physics  program  but  It  Is  also  necessary  to  compare 
It  to  that  of  our  major  competitor,  Europe.  The  Europeans  conduct 
research  at  very  high  energies  at  CERN,  Switzerland  and  DESY,  Cermany. 

As  noted  earlier,  CERN  is  a  very  large  European  laboratory  whose  major 
facilities  consist  of  a  28  CeV,  fixed  target,  proton  accelerator  (PS), 
a  400  CeV,  fixed  target  proton  accelerator  (SPS),  and  a  32  on  32  CeV 
proton-proton  collider  (ISR).  CEKN's  present  capabilities  are  thus 
equal  that  of  BNL  and  Fermllab  with  regard  to  fixed  target  accelerators. 
The  ISR  Is  a  machine  unique  in  the  world,  giving  CERN  an  added  capability. 
While  Fermllab  had  a  headstart  of  several  years  over  the  SPS,  it  Is 
generally  acknowledged  that  the  present  experimental  utilization  of  the 
SPS  Is  much  stronger  than  that  of  the  Fermllab  400  CeV  machine. 

Relevant  to  this  comparison  are  the  support  levels  for  comparable  acti¬ 
vities.  Here  one  can  compare  the  support  for  the  CERN  SPS  and  its 
research  program  with  that  for  the  relevant  FNAL  program  in  the  U.S. 
Support  of  the  SPS  program  in  Swiss  Francs  at  CERN  for  comparable 
activities  seems  to  be  about  four  times  that  of  support  of  the  FNAL 
program  in  dollars.  ~If  "the  official  exchange  rate  is  used,  this  over¬ 
states  the  ratio  in  effort  if  the  undervaluation  of  the  dollar  Is  con¬ 
sidered.  For  purposes  of  discussion,  an  effort  ratio  of  roughly  2-1 
in  favor  of  the  CERN  program  would  seem  to  describe  the  actual  situation. 
That  there  is  a  very  large  difference  in  the  level  of  support  between 
the  two  institutions  is  obvious  to  anyone  visiting  the  laboratories. 
Instrumentation  at  CERN  is  considerably  more  extensive;  data  analyses 
and  computer  facilities  are  more  powerful;  and  the  support  staff  avail¬ 
able  to  physicists  is  about  1.6  times  as  large. 

DESY  Is  similar  to  SLAC  In  that  the  Cerman  laboratory  has  specialized 
In  electron  and  electron-positron  machines.  Major  facilities  include 
DORIS  which  Is  similar  to  SPEAR  but  has  recently  been  pushed  to  some- 
vhat  higher  energies  (10  CeV)  for  unique  measurements  of  the  upsllon 
particles,  and  PETRA  which  is  very  similar  to  the  U.S.  electron-positron 
collider  PEP.  Largely  because  of  active  governmental  support,  PETRA 
has  conoaenced  operation  more  than  a  year  before  PEP  and  has  already 
mapped  out  many  interesting  results  pertinent  to  high  energy  electron- 
positron  annihilations-  For  the  moment  the  U.S.  has  clearly  lost 
leadership  in  a  very  important  area  of  high  energy  physics. 

The  financial  support  and  manpower  of  SLAC  and  DESY  are  roughly  the 
same  but  there  are  large  differences  in  program.  The  program  at  SLAC 
covers  m  considerably  broader  area,  and  the  energy  and  Intensity  of 
the  basic  accelerator  are  substantlallj  higher;  22  CeV  (30  CeV  with 
SLED  I)*,  and  50  microamperes  average  for  SLAC,  as  compared  to  7  CeV 
and  about  3  microamperes  average  current  for  DESY.  SLAC  also  supports 
an  extensive  electron  scattering  program,  Including  the  use  of 
polarized  beams,  and  a  hadron  In’  Taction  program  using  bubble 
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chambers  and  spectrometers.  Thus,  while  the  SLAC  and  DESY  support  levels 
are  comparable,  SLAC  has  to  pay  for  the  salaries,  services  and  materials 
for  a  substantially  larger  experimental  program  with  a  more  powerful 
accelerator. 

The  future  program  of  the  Europeans  Is  very  interesting  In  that  It  exhibits 
at  present  a  kind  of  aggressiveness  once  associated  with  the  American 
style  of  science.  One  effort  that  Is  nearing  completion  consists  of 
an  ambitious  program  of  colliding  protons  and  antiprotons  In  the  SPS 
for  a  total  c.m.  energy  of  540  CeV.  The  expected  completion  date  is  —1981. 
This  collider  will  possibly  provide  mankind  the  first  opportunity  to 
observe  the  Z  particle  and  the  opportunity  will  occur  in  Europe  and  not 
the  U.S.  It  is  not  a  project  without  risk  since  the  beam  intensities 
will  be  somewhat  marginal.  Nevertheless,  it  is  a  marvelous  technical 
effort  which  may  give  the  first  view  of  physics  in  this  new  higher  energy 
regime. 

Beyond  the  CERN  proton-antiproton  collider,  the  main  emphasis  in  Europe 
will  be  on  the  construction  of  very  large  electron-positron  colliding  beam 
facilities.  This  is  in  marked  constrast  to  the  U.S.  program  with  its  present 
emphasis  on  high  energy  proton  accelerators.  The  interesting  consequence 
of  this  apparent  divergence'may  be"  the  emergence  of  two  large  research 
efforts  which  will  be  largely  complementary  rather  than  competitive.  At 
thi6  point  it  is  difficult  to  know  which  of  the  two  efforts  will  yield 
the  more  interesting  results.  The  time  scale  and  parameters  of  the  new 
European  initiatives  are  not  yet  fixed.  At  CERN  one  might  expect  a  150 
CeV  c.m.  energy  collider  by  around  1988.  Similar  efforts  at  DESY  would 
be  at  lower  energy  (n.70  CeV)  but  at  an  earlier  time  (■'-1985)  . 

Although  Western  Europe  Is  considered  the  main  competition,  the  high 
energy  activities  in  the  Soviet  Union  roust  also  be  considered.  In  this 
country  the  main  emphasis  has  been  on  fixed  target  proton  machines 
although  there  has  been  some  activity  in  the  e+e~  colliding  beam  domain 
(VEEP  series  of  machines) .  The  80  CeV  proton  synchrotron  at  Serpukov  is 
the  main  facility  in  the  Soviet  Union.  There  has  been  recent  approval 
for  the  construction  of  a  much  larger  proton  fixed  target  machine,  UNK,  of 
approximately  3,000  GeV  (3  TEV)  laboratory  energy  to  be  built  over  the 
next  eight  years  at  Serpukov.  This  accelerator  will  compete  with  the 
Fermllab  TEVATRON  II  and  possible  PENTAVAC  (see  section  E) . 

The  Japanese  have  also  entered  the  high  energy  sphere  by  constructing  and 
now  utilizing  a  12  CeV  proton  synchrotron  (KEK) .  Future  plans  are  now  being 
crystallzed,  these  consisting  of  a  30  x  30  CeV  e+e_  collider,  with  a  two-three 
year  construction  schedule  commencing  in  1982,  to  be  followed  in  the  late 
1980'a  by "TRISTAN ,  an  ep  collider  25  CeV(e~)  x  600  CeV(p) . 

It  should’also  be  noted  that  the  Peoples  Republic  of  China  has  approved 
construction  of  a  50  CeV  pruton  synchrotron  to  be  built  near  Beijing 
the  completion  date  being  in  the  mid  1980's. 
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In  conclusion  one  con  summarise  the  international  competitive  situation 
as  being  id  the  main  between  the  U.S.  and  Europe  and  that  at  the  moment  and 
for  the  next  few  years  the  Europeans  will  probably  have  an  advantage  in 
■oat  areas  of  high  energy  physics.  Whether  or  not  this  advantage  trans¬ 
lates  into  major  discoveries  remains  to  be  seen.  Over  the  longer  term 
the  two  programs  may  diverge  and  become  somewhat  complementary.  This  may 
be  of  greater  benefit  to  mankind  as  a  whole,  although  reduced  competition 
generally  means  a  slower  rate  of  discoveries. 
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5.  Strengths  and  Weaknesses  of  U.S.  High  Energy  Program. 

We  now  will  briefly  review  what  we  consider  are  the  strengths 
of  the  U.S.  High  Energy  Program.  With  the  constant  monitoring  of  high 
energy  activities  via  HEPAP  and  ad-hoc  panels  it  is  not  surprising  that 
the  program  is  well  balanced  in  a  variety  of  ways.  From  a  geographical 
point  of  view,  there  are  major  facilities  in  the  west,  mid-west  and 
east  coast  of  the  U.S.  The  total  funding  is  well  distributed  among  these 
different  regions  of  the  country.  Although  by  necessity  a  large  portion 
of  the  funds  have  to  go  into  operating,  upgrading  and  constructing  the 
large  facilities,  their  utilization  nationwide,  as  measured  by  nearly 
any  reasonable  yardstick  is  n,70Z  by  University  groups  and  30Z  by 
Laboratory  groups. 

When  one  considers  the  type  of  facilities  available  and  under 
construction,  again  there  is  a  good  balance.  The  whole  domain  of  (e+e-) 
collisions  from  a  few  CeV  to  30  CeV  is  covered  by  a  combination  of  SPEAR 
(SLAC),  CESR  (Cornell)  and  the  recently  completed  PEP  (SLAC).  This  is 
augmented  by  the  lepton  fixed  target  efforts  at  the  Linac  at  SLAC  (up  to 
30  CeV)  and  the  muon  and  photon  beams  at  Fermilab  (K200  CeV).  This 
variety  of  machines  is  complemented  by  several  proton  facilities.  The 
fixed  target  domain  is  covered  by  the  AGS  (BNL)  0-30  CeV  and  the  Fermilab 
complex  up  to  1,000  CeV  with  TEVETR0N  11.  Very  high  energy  collisions  are 
provided  by  ISABELLE  (pp,  400  CeV  x  400  CeV)  with  high  luminosities 
1032-1033/cni  /sec  and  by  TEVATRON  1.  pp  collider  (1,000  X  1,000  CeV)  with 
luminosities  of  up  to  103®/cm2/sec.  One  therefore  sees  that  nearly  all 
the  variety  of  reactions  and  energies  are  covered  by  this  national  program. 
Hew  efforts  are  now  aimed  Coward  the  next  generation  e+e~  .collider 
(approximately  50  x  50  CeV)  and  high  energy  ep  collisions  (10  -  20  GeV  e“on 
400  -  1,000  CeV  p's).  The  former  would  provide  the  U.S.  response  to  the 
European  LEP  as  well  as  initiate  the  development  of  techniques  for  reaching 
the  high  energy  region  (recall  the  Livingstone  plot  of  Fig.  1)  while  the 
latter  fills  in  an  obvious  gap  in  the  type  of  available  projectile  and 
target. 


The  weaknesses  of  the  program  are  to  some  extent  a  reflection 
of  the  noted  strengths.  In  order  to  attain  the  very  high  energies  in 
hadron  collisions  at  reasonable  cost,  it  is  necessary  to  Innovate  and 
utilize  superconducting  technology.  This  implies  certain  risks  in  that 
both  the  TEVATRON  and  ISABELLE  construe *.  bon  projects  Involve  «1,000 
superconducting  magnets  and  cheir  accompanying  large  cryogenic  systems. 
This  is  the  first  such  large  scale  deployment  of  such  systems  in  high 
energy  physics.  The  successful  application  of  this  technology  can  be  the 
forerunner  of  future  machines  while  the  price  exacted  for  this  bold 
activity  may  be  the  longer  time  scale  required  to  attain  full  operation. 
Similar  remarks  can  be  made  concerning  the  proposals  for  high  energy  ep 
and  e+e-  colliders  where  one  again  is  pushing  the  frontiers  in  heam  bunch 
operation,  manipulation  and  positioning.  Again  it  clearly  appears  the 
way  to  go  to  assure  the  future.  However,  it  is  not  without  risks. 
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As  one  examines  the  present  state  of  operations  of  the  various 
accelerators,  both  in  beam  time,  support  for  experiments  and  RAD  efforts, 
they  are  clearly  marginal.  Running  these  accel erators  ssSOl  of  the  time, 
delaying  or  eliminating  Improvements,  reducing  maintenance,  all  conspire 
to  produce  a  less  productive  and  innovative  program.  It  is  therefore 
difficult  under  these  circumstances  to  properly  respond  to  exciting  new 
physics  prospects  as  well  as  to  explore  the  many  possible  Instrumental 
and  machine  innovations  that  are  required  for  assuming  the  major  physics 
breakthroughs.  To  put  the  importance  of  such  activities  into  perspective, 
it  should  be  noted  that  it  required  10  years  of  intensive  effort  to 
develop  the  polarized  electron  source  at  SLAC  which  was  crucial  to  the 
parity  experiment  verifying  the  Ueinberg-Salam  model.  There  are  numerous 
similar  activities  at  laboratories  and  universities  that  are  either  being 
postponed  or  delayed  due  to  lack  of  support.  This  lack  of  flexibility, 
which  can  be  tolerated  for  short  periods  of  time,  sooner  or  later  strangles 
che  program  and  leads  to  stagnation. 
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6.  Conclusions  and  Reeommemlat ions. 

The  key  question  now  Is  what  are  the  actual  funding  levels  required 
to  assure -Jhat  the  U.S.  high  energy  physics  program  is  pre-eminent  and 
competitive  in  the  world  arena  over  the  next  five  to  ten  years. 

The  basis  of  these  considerations  is  the  "Dtutch  plan”  which  has 
attempted  to  provide  stability  and  long  range  planning  for  the  field 
with  support  at  a  level  ol  $J25M  per  year,  in  FY79  dollars,  $'JOOM  from 
DOE  and  $25M  from  NSF.  As  slated  in  section  C  above,  this  level  of 
support  was  considered  marginal  from  the  outset  and  could  not  continue 
for  many  years  without  serious  implications  for  our  program.  The  history 
of  the  DOE  funding  pattern  since  1960  is  shown  in  Fig.  5,  in  "then-year*1 
dollars  and  also  for  FY81  dollars.  One  clearly  sees  the  difficulty,  with 
the  sharp  drop  in  the  budget  that  occurred  for  successive  years  in  the 
early  1970*s  and  lasted  until  the  Deutch  restoration.  The  squeeze  on 
the  resources  available  to  the  program  has  been  further  aggravated  by 
the  inflation  factors  forced  on  the  program  in  1980  and  1981,  which  were 
quite  unrepresentative  of  the  real  increase  in  material  costs  for  our 
particular  field.  The  net  shortfall  from  the  Deutch  floor  for 
these  two  years  is  in  the  neighborhood  of  20-25  million  dollars.  This 
situation  cannot  be  allowed  to  continue.  The  funding  levels  have  to  be 
increased  to  support  a  competitive,  healthy,  balanced  High  Energy  research 
program  being  actively  pursued  at  the  national  laboratories  and  Universities, 
exploring  (and  indeed  creating)  the  frontiers  of  this  most  fundamental  and 
basic  field  of  science. 

In  section  D  1  above,  we  reviewed  the  basic  policy  and  necessary 
Ingredients  for  achieving  a  pre-eminent  HEP  program.  Following  these 
guidelines,  we  evaluated  the  required  changes  in  funding,  specifically 
for  FY82,  and  also  generally  for  the  next  five  years.  The  Input  for 
these  evaluations  was  the  budget  information  received  at  HEPAP  meetings 
and  HEPAP  site  visits  over  the  past  two  years.  We  arrived  at  a  figure 
which  was  a  20Z  increase  over  the  Deutch  plan  for  FY82.  At  the  January 
HEPAP  meeting,  we  were  requested  to  bo  once  more  through  the  budget 
evaluation  with  Input  from  each  of  the  labs  on  their  evaluation  of  what 
was  required  for  a  healthy  program,  and  with  the  DOF.  and  NSF  Program  Office 
help  or.  the  university  users  situation.  As  expected,  the  laboratories' 
requests  were  somevhat  more  urgent  as  to  the  need  for  Increased  operations 
support,  and  more  optimistic  In  terms  of  their  construction  plans  than 
we  had  reflected  In  our  Initial  presentation.  However,  after  some 
Iteration  and  challenging  exchanges,  the  two  approaches  resulted  in  quite 
fair  agreement. 

Specifically,  our  recommendations  are  that  the  Operations  support 
be  Increased  to  raise  the  utilization  of  the  three  national  accelerator 
centers  to  at  least  50Z,  and  to  provide  some  support  for  R/D  on  both 
new  accelerator  ideas  and  for  new  detector  developments.  The  university 
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user  group  support  was  also,  increased  substantially.  Equipment  support 
was  increased  substantially  to  recognize  the  need  for  new  detectors  at 
the  accelerators  now  in  construction  (viz.,  ISA,  pp  Collider,  and  the 
Tevatron),  and  in  an  attempt  to  reduce  the  imbalance  between  the  European 
.Instrumental ion  visible  at  PETRA,  the  SPS,  and  the  CERN  pp  experiments, 
compared  to  our  current  experimental  facilities.  The  construction  budget 
allows  the  FNAI.  and  ISA  programs  to  proceed  at  a  tolerable  pace  and 
makes  it  possible  to  begin  work  on  a  e+e“  Collider,  as  a  special  opportunity. 

Table  1  gives  the  detailed  breakdown  of  the  U.S.  high  energy  physics 
budget  for  the  period  1982-1986,  for  both  DOE  and  NSF.  The  increase  in 
the  NSF  support  appears  small,  since  the  FY79  figure  included  "add-on" 
money  for  the  construction  of  the  CESR  project  at  Cornell.  Therefore,  the 
$30M  level  for  FY82  includes  funds  to  restore  the  support  of  the  user  base 
program  which  has  eroded  somewhat  in  the  last  two  years. 

This  level  of  funding  would  support  a  healthy,  strong  program  at  the 
three  centers  for  HEP  in  the  U.S.  The  operations  of  all  three  facilities 
would  be  improved  allowing  good  utilization  of  new  accelerators  while 
continuing  to  exploit  the  effective  programmatic  physics  of  the  more  mature 
machines.  It  would  also  allow  the  building  of  the  appropriate  detector 
systems  to  competit ively~wofk" in  these  unknown  regions  of  new  high  energies. 
Finally,  it  provides  the  U.S.  with  excellent  front  line  machines  In  each 
of  the  Important  frontiers  in  the  field,  and  creates  the  basis  of  a  truly 
exciting  pre-eminent  and- timely  high  energy  physics  program. 
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TABLE  I 


U.S.  High  Energy  Physics  Budget  ($millions) 


FY82 

FY  83 

FY84 

FY85 

FY86 

rvfi  9 

^Operations 

280 

290 

.300 

305 

320 

Equipment 

65 

95 

85 

80 

60 

Construction 

105 

105 

110 

110 

80 

AIP/CPP 

20 

20 

20 

_ 20 

20 

Sub-Total 

$470 

510 

510 

510 

510 

30 

35 

35 

35 

35 

U.S.  HEP  Total 

500 

545 

545 

545 

545 
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E.  The  U.S.  High  Energy  Program  (1986-1990). 

Forecasting  a  short  range  program  Is  rather  straightforward.  However, 
as  one  attempts  to  predict  the  activities  further  in  time  it  involves  a 
greater  uncertainty  due  to  our  lack  of  knowledge  of  technological  advance* 
men  ts  that  (hopefully)  will  occur  (sue  Fig.  1  again),  and  the  new  physics 
directions  that  will  be  revealed  in  the  exciting  frontier  exploration  to  be 
undertaken  in  our  near  future  HEP  program.  Nevertheless,  having  formed  the 
basis  of  a  healthy,  preeminent  program  for  the  years  up  to  1986  it  is  logical 
to  expand  on  it  for  the  future  years.  The  program  in  1986  should  be  formid¬ 
able.  ISABELLE  should  be  operational  starting  to  give  us  a  glimpse  of  high 
energy  rare  phenomena.  The  full  TEVATRON  should  be  producing  physics  In 
both  the  fixed  target  mode,  up  to  1,000  CeV  proton  lab  energy  and  with  the 
pp  collider  at  a  center  of  mass  energy  of  2,000  CeV;  PEP  should  be  on  to  a 
f^l 1  complement  of  second  generation  experiments  up  to  35  CeV  center  of  mass 
e  e  energies,  and  the  new  e  e  initiative  at  100  CeV  should  be  running  or 
about  to  start  operation;  and  finally  an  ep  collider  m'ght  be  under  con¬ 
struction.  This  represents  a  sophisticated  array  of  facilities  with  an 
enormous  potential  for  producing  new  and  exciting  physics  in  a  variety 
of  reactions.  But  future  prospects  are  even  stronger  in  that  a  technological 
base  for  even  higher  energies  will  have  been  set.  This  is  due  to  the 
Initiation  and  utilization  of  superconducting  technology  in  magnets,  large 
scale  refrigerators  and  RF  cavities  as  well  as  lepton  collisions  involving 
llnacs.  At  the  same  time  The  physics  results  from  the  aforementioned 
machines  should  delineate  the  most  auspicious  path  to  follow.  We  now 
proceed  to  list  the  most  likely  future  paths. 

In  the  hadron  domain  the  development  of  even  higher  field  superconducting 
dipole  magnets,  magnetic  fields  of  10  tesla  or  more  will  allow  for  higher 
energy  fixed  target  accelerators .  In  particular  a  machine  at  Fermilab  of 
energy  5  TeV  or  more,  the  PENTAVAC,  would  be  possible.  Utilizing  similar 
techniques  pp  colliders  at  energies  of  5  TeV  on  5  TeV  with  good  luminosities, 
are  also  possible.  Complementing  these  proton  machines  would  be  a  real 
colliding  e+e_  linac  laboratory  where  one  could  study  with  high  luminosity 
the  annihilation  process  up  to  energies  approaching  1  TeV  in  the  center  of  mass. 

Although  the  present  array  of  machli  es  is  providing  a  great  deal  of  the 
know-how  and  experience  needed  for  these  higher  energy  forays,  major  R&D 
programs  will  be  necessary  during  the  Intervening  years.  The  scale  of  some 
of  these  new  machine  efforts  may  be  such  that  consideration  of  inter-regional 
collaboration  should  be  reviewed.  Finally,  we  should  recall  the  lessons  of 
the  Livingston  plot  and  not  preclude  the  evolution  of  a  new  technique  or 
principle  which  will  allow  for  the  construction  of  higher  energy  machines  at 
lower  unit  cost;  in  fact  this  may  be  the  most  likely  possibility  extrapolating 
from  the  history  of  accelerator  development. 
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F.  Summary 

The  directions  being  considered  form  the  foundation  of  an  excellent 
and  exciting  high  energy  program  which  would  establish  a  preeminent  role 
in  this  field  for  the  United  Stales.  As  noted  numerous  times  its  strength 
Is  In  its  balance  and  innovation.  The  balance  Is  multifold;  geographical, 
national  laboratories  and  universities;  electron  and  proton,  and  fixed 
target  and  colliders.  It  is  innovative  in  exploiting  new  technologies  and 
ideas,  superconducting  magnets  and  distributed  cryogenic  systems,  colliding 
linacs  and  stochastic  and  electron  cooling  of  beams.  A  truly  remarkable 
and  fruitful  program. 

The  cost  for  retaining  this  commanding  position  for  the  U.S.  in  this 
forefront  field  of  high  energy  physics  is  a  total  of  $500H  in  1982  in  then 
year  dollars.  How  does  this  relate  to  previous  funding  scenarios?  It  Is 
precisely  the  Woods  Hole  Base  Budget  (page  A)  extrapolated  to  Fiscal  1982 
at  an  inflation  rate  of  102/year.  It  also  corresponds  to  ss  20%  Increase 
over  the  low  budget  of  Woods  Hole  or  the  Deutch  floor  (these  are  the  same) 
again  extrapolated  in  the  same  manner  to  1982.  The  conclusion  is  that  a 
restoration  of  the  budget  to  the  base  level  and  not^  the  floor  would  allow 
for  this  preeminent  program.  The  current  level  lias  provided  a  steadying  in¬ 
fluence  In  difficult  years  and  reversed  a  previous  disastrous  trend.  How¬ 
ever,  it  is  clear  that  jn.  spite  of_hard  decisions  in  cutting  out  programs, 
reducing  operations,  postponing  essential  RAD  programs,  the  high  energy  pro¬ 
gram  is  in  Jeopardy.  It  can  no  longer  function  adequately  at  below  the 
Deutch  floor--a  modest  step  corresponding  to  a  level  of  S500M  (combined  DOE 
and  NSF  budget)  in  1982  is  required  to  restore  the  program  to  a  healthy 
state. 
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Department  of  Energy 
Washington,  D.C.  20585 

APR  1  1980 


Mr.  J.  Dexter  Peach 

Director,  Energy  and  Minerals  Division 
U.S.  General  Accounting  Office 
Washington,  D.C.  20548 

Dear  Mr.  Peach: 

We  appreciate  the  opportunity  to  review  and  comment  on  the  General  Accounting 
Office  (GAO)  report  entitled  "'J.S.  Efforts  to  Lead  the  World  in  High  Energy 
Physics — Status  and  Problems."  We  believe  the  report  contains  a  number  of 
unwarranted  recommendations  and  incorrect  conclusions  with  respect  to  the 
Department  of  Energy  (DOE).  [See  GAQ  nQte  lf  p#  182-] 

The  GAO  recommends  that  DOE  and  others  form  a  working  group  to  prepare  a 
policy  paper  setting  forth  the  program  objectives,  strategy  and  appropriate 
funding  levels.  We  disagree.  Although  the  Department  has  no  objection 
to  a  new  national  study  of  priorities  in  basic  science,  it  should  be 
noted  that  adequate  program  planning  and  strategies  already  exist  and, 
through  the  annual  budget  process,  involve  all  concerned  federal  agencies, 
the  Office  of  Management  and  Budget  (0MB),  the  Office  of  Science  and  Tech¬ 
nology  Policy  (OSTP)  and  the  Congress.  The  problem  is  designating  priorities 
among  the  federally  funded  basic  research  efforts;  there  currently  is  no  basis 
from  which  to  proceed  on  this  aspect  of  the  problem. 

A  policy  and  plan  for  the  high  energy  physics  program  were  developed  late 
in  1977  and  are  now  being  followed.  They  were  based  on  (1)  a  series  of 
studies  at  Woods  Hole  in  1974,  1975  and  1977  by  a  subpanel  of  the  High 
Energy  Physics  Advisory  Panel  (HEPAP) ,  (2)  numerous  considerations  by  the  HEPAP 
and  (3)  a  study  report,  "Long  Term  Strategy  for  Construction  and  Operation 
of  High  Energy  Facilities"  issued  by  the  Energy  Research  and  Development 
Administration.  The  policy  objective  is  to  maintain  U.  S.  leadership  in 
high  energy  physics  research.  ("Leadership"  is  used  in  the  sense  of  retaining 
the  U.  S.  record  of  outstanding  achievement  in  this  area  of  basic  research.) 

The  plan  is  for  a  three-pronged  approach  to  higher  energy:  three  major  U.  S. 
accelerator  centers  focusing  on  (1)  research  in  the  areas  of  electron-positron 
colliding  beam  facilities,  (2)  proton-proton  (proton-antiproton)  colliding 
beam  facilities,  and  (3)  very  high  energy  proton  fixed  target  facilities. 
Studies  already  are  underway  through  HEPAP  to  lay  out  an  HEP  strategy  for  the 
1980' s  and  beyond. 

DOE  and  0MB  have  agreed  on  this  plan.  Extensive  presentations  on  the  plan 
have  been  made  to  0KB  and  the  OSTP.  It  is  the  basis  on  which  budget 
presentations  to  0MB  and  the  Congress  have  been  made.  It  forms  the 
foundation  for  the  understanding  between  DOE  and  0MB  on  the  funding  of 
high  energy  physics  and  the  basis  on  which  the  high  energy  physics  program 
operates.  Program  strategy  and  planning  are  continuously  reviewed  and 
updated.  DOE  and  National  Science  Foundation  (NSF)  program  managers  meet 
with  HEPAP  approximately  five  times  a  year  for  this  purpose. 
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DOE  funding  for  high  energy  physics  is  based  on  the  DOE/ OMB  understanding 
of  support  at  the  level  of  $300  million  (M)  per  year  for  the  total  program 
in  fiscal  year  1979  dollars.  The  plan  provides  for  annual  adjustment  of 
the  $300  M  base  to  take  into  account  the  effects  of  inflation.  This  was 
the  minimum  amount  which  HEPAP  and  DOE  felt  was  required  to  carry  out  the 
strategy  and  plan  to  maintain  a  viable  and  productive  national  program. 

The  understanding  was  based  on  the  HEPAP  agreement  to  this  level  as  a 
floor  level  for  high  energy  physics  funding.  Experience  since  that  time 
(1977),  together  with  the  very  high  rate  of  inflation,  the  very  high 
power-rate  cost  increases,  and  the  fact  that  funding  has  not  kept  up  with 
the  inflationary  effects,  has  strained  the  program  greatly.  Some  increment 
in  funding  levels  appears  necessary  to  carry  out  the  present  plan  and 
strategy — but  not  the  large  increases  indicated  in  the  report. 

The  GAO  also  recommends  that  DOE  include  accelerator  development  projects 
estimated  to  cost  $5  million  or  more  in  its  annual  budget  requests  on  a 
line-item  basis.  We  disagree  with  this  recommendation.  It  is  impossible 
to  know  in  advance  whether  a  particular  line  of  accelerator  R&D  is  going 
to  be  successful  and  attractive.  Some  will  succeed  and  others  will  turn 
out  to  be  unattractive  or  of  lesser  priority.  It  would  greatly  restrict 
the  essential  flexibility  for  a  basic  research  effort  and  cause  long  delays 
in  the  activity  if  such  R&D  efforts  would  have  to  be  identified  two  to  three 
years  in  advance  as  budgetary  line  items. 

Another  GAO  recommendation  is  that  DOE  program  managers  provide,  consistent 
with  agreed  upon  strategy,  guidance  to  laboratories  on  the  amount  of 
research  support  to  be  provided  to  university  researchers.  We  believe  that 
the  recommendation  is  unwarranted.  Primary  support  for  university  users  comes 
from  research  contracts  awarded  directly  to  universities  by  DOE.  The  laboratory 
research  subprogram  funding,  which  GAO  analyzes  in  Chapter  3  of  the  report, 
provides  user-equivalent  costs  for  the  in-house  laboratory  research  groups.  The 
laboratory  in-house  staff  provides  some  support  assistance  to  users;  however, 
this  is  a  small  part  of  the  laboratory's  assistance.  The  main  support  provided 
to  users  through  the  laboratory  is  the  beam  time  and  set-up  of  major  apparatus, 
provided  through  the  Facility  Operations  Subprogram.  These  services  are  provided 
to  all  approved  experiments  without  regard  to  where  researchers  are  located.  It 
is  true  that  user  support  has  been  less  than  optimal  because  of  budgetary 
constraints.  However,  the  program  balance  is  proper  within  these  constraints. 

[See  GAO  note  2,  p.  182.) 

Finally,  the  GAO  recommends  that  program  managers  consider  the  amount  of 
equipment  support  needed  for  specific  experiments,  consistent  with  the 
agreed  upon  strategy.  We  disagree  with  the  necessity  for  a  recommendation 
on  this  point.  The  suggested  consideration  is  a  regular  part  of  the  DOE 
program  re'-'ew  and  funding  allocation  process.  Overall  funding  constraints 
have  made  it  necessary  to  fund  some  experiments  at  less  than  optimal  levels. 
However,  we  believe  that  scientific  prl  <.ties  are  being  properly  assessed  in 
achieving  a  program  balance. 
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In  addition  to  the  above  comments  regarding  the  recommendations  for  DOE 
action,  we  disagree  with  conclusions  in  the  report  concerning  allegations 
of  inadequate  coordination  in  enhancing  laboratory  capabilities  and  R&D 
efforts,  inadequate  funding  of  physics  research,  and  undue  emphasis  on 
scientific .competition  with  Western  Europe.  We  also  believe  planning 
scenarios  used  in  the  report  are  unrealistic.  The  report  does  not 
adequately  recognize  the  importance  of  management  flexibility  in  making 
judgemental  trade-offs  of  limited  fiscal  resources  in  Federal  sponsor¬ 
ship  of  individual  R&D  projects  and  the  state-of-the-art  prototype 
nature  of  accelerator  facilities.  We  would  be  pleased  to  arrange  for 
meetings  between  your  staff  and  the  program  offices  involved  to  discuss 
these  differences. 

We  appreciate  your  consideration  of  these  comments  in  the  preparation  of 
the  final  report  and  will  be  pleased  to  provide  any  additional  information 
you  may  desire  in  this  matter. 


GAO  note  Is  The  report's  title  has  been  changed  to  "In¬ 
creasing  Costs,  Competition  May  Hinder  U.S. 
Position  of  Leadership  in  High  Energy  Physics." 

GAO  note  2:  The  subprogram  funding  which  appeared  in 
chapter  3  of  the  draft  report  has  been 
deleted  from  this  final  report.  (See 
p.  108.) 
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NATIONAL  SCIENCE  FOUNDATION 
WASHINGTON.  D  C  20550 


March  17,  1980 


Mr.  Harry  S.  Havens 
Director,  Program  Analysis  Division 
General  Accounting  Office 
441  G  Street,  N.W. 

Washington,  D.C.  20548 

Dear  Mr.  Havens: 

This  letter  is  in  response  to  your  Invitation  to  comment  on  the  draft  report 
entitled  "U.S.  Efforts  to  Lead  the  World  in  High  Energy  Physics  -  Status  and 
Problems."  I  will  restrict  my  comments  to  issues  raised  in  the  draft  which 
are  directly  related  to  the  National  Science  Foundation  projects  and  pro¬ 
cedures.  This  does  not  imply  agreement  with  any  parts  of  the  draft  report 
upon  which  I  do  not  comment.  [See  GA0  note,  p.  195<] 

The  NSF  support  of  elementary  particle  physics  (high  energy  physics)  is  about 
eight  percent  of  the  total  federal  support  to  this  field,  with  the  remainder 
supplied  by  the  Department  of  Energy.  The  Foundation's  program  is  entirely 
a  university-based  program.  It  supports  one  major  accelerator,  the  Cornell 
Electron  Storage  Ring  (CESR),  which  is  available  to  outside  users,  and  about 
one  third  of  the  university  groups  performing  experiments  on  this  and  other 
facilities.  NSF  staff  coordinates  this  program  with  DOE  programs  and  parti¬ 
cipates  in  meetings  of  the  DOE's  High  Energy  Physics  Advisory  Panel  (HEPAP) 
and  in  long  range  planning  studies  such  as  those  held  at  Woods  Hole  in  1974, 
1975,  and  1977.  In  addition,  the  NSF's  Advisory  Conmittee  for  Physics  per¬ 
forms  oversight  reviews  of  the  NSF  physics  programs  in  a  national  perspective 
and  advises  on  long  range  planning  and  balance  among  several  areas  of  physics. 
The  most  recent  oversight  review  of  the  NSF  Elementary  Particle  Physics 
Program  was  conducted  January  31  -  February  2,  1980.  In  addition,  the 
National  Science  Board  must  specifically  authorize  each  project  with  an 
annual  funding  rate  in  excess  of  $500K  per  year  before  the  project  is 
undertaken. 

Ity  response  will. be  kept  as  brief  as  seems  reasonable  in  the  Tight  of  the 
Issues  to  be  addressed. 
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the  late  1940's  with  various  accelerators  developed  and  built  by 
faculty  and  staff  under  the  leadership  first  of  Professor  Robert 
Wilson  and  later  of  Dr.  Boyce  McDaniel.  The  last  of  these  (until 
the  storage  ring  project)  was  a  10  GeV  (later  upgraded  to  12  GeV) 
synchrotron  completed  under  NSF  auspices  in  1968.  By  the  mid  1 970 * s 
the  operation  of  this  facility  and  the  associated  in-house  research 
program  were  being  supported  by  NSF  at  an  annual  rate  of  approxi¬ 
mately  $4.5  million,  about  equally  divided  between  operations  and 
research. 

By  then  It  was  becoming  clear  through  reviews  and  site  visits  that 
consideration  would  shortly  need  to  be  given  to  the  future  of  the 
laboratory.  While  the  facility  was  operating  at  a  utilization  rate 
of  the  order  of  80%  and  performing  good  quality  research,  it  was 
possible  to  project  the  anticipated  program  a  few  years  and  to 
recognize  that  the  synchrotron  program  had  a  limited  useful  and 
effective  lifetime  for  elementary  particle  physics  research. 

Meanwhile,  in  late  1973,  startling  discoveries  were  being  made  at 
Brookhaven  and  at  SLAC.  Suddenly,  the  electron  storage  rings  had 
become  the  premier  machines  to  study  and  search  for  new  quarks 
and  states  of  matter  by  means  of  electron-positron  collisions  at 
particular  energy  ranges. 

Cornell  scientists,  in  looking  to  the  future  of  their  laboratory, 
considered  moving  into  the  promising  electron  storage  ring  area 
where  higher  priority  and  potentially  interesting  physics  lay. 

They  recognized  further  that  a  natural,  straight  forward,  and 
economical  way  to  achieve  this  lay  in  modifying  the  existing  facility 
primarily  through  the  addition  of  a  ring  of  magnets  and  vacuum  chambers 
which  could  store  electrons  and  positrons  Injected  from  the  existing 
synchrotron. 

In  early  1975,  Cornell  submitted  a  proposal  to  the  NSF  to  add  a 
storage  ring  to  the  laboratory's  facilities.  It  was  a  construction 
proposal,  including  expansion  of  the  north  experimental  hall,  but 
not  including  major  detectors  or  computer  equipment  for  data  analysis. 
The  synchrotron  program  would  be  continued  in  part  during  the  construc¬ 
tion  phase  and  perhaps  beyond.  The  project  as  then  proposed  would  have 
cost  $16. 8M  plus  funds  for  two  major  detectors,  additional  computer 
equipment,  and  continued  operation  of  the  synchrotron.  This  proposal 
was  considered  by  the  1975  HEPAP  Future  Facilities  Subpanel  and  was 
found  meritorious  In  terms  of  science  to  be  studied,  technical  soundness 
and  economy,  but  was  only  included  In  an  "optimum"  funding  level  for 
the  national  elementary  particle  physics  program.  NSF  then  indicated 
to  Cornell  that  it  could  not  continue  to  consider  the  proposal  in  the 
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form  presented.  Subsequently,  Cornell  reconsidered  the  project  and 
In  late  1975  submitted  a  revised  proposal  which  eliminated  almost 
all  plant  construction  and  suggested  redirection  of  the  entire  effort 
of  the  laboratory  Into  the  three  year  conversion  project.  In  addition 
to  the  storage  ring  Itself,  the  plan  called  for  additional  computer 
capabilities  and  for  a  major  detector  for  the  south  area.  The  total 
cost  was  $20. 7M  or  about  $5.7M  incremental  to  the  approximately  $15M 
NSF  would  have  provided  to  Cornell  over  the  three  year  period  for 
operations  and  research  with  the  unmodified  synchrotron.  This 
proposal  was  enthusiastically  endorsed  by  the  vast  majority  of  mail 
reviewers.  All  recommended  funding  it  and  all  of  those  who  checked 
an  overall  rating  box  checked  "Excellent."  The  balance  of  the 
reviewers'  opinion  is  Incorrectly  represented  In  the  draft  report 
by  the  single  quoted  capsule: 

"Ity  opinion  Is  that  If  the  extra  funds  in  question  can  be 
added  to  the  program  for  that  purpose,  then  I  would  unques¬ 
tionably  go  ahead.  If  the  funds  have  to  be  taken  from  the 
rest  of  the  program  then,  from  the  national  point  of  view, 

I  believe  they  would  be  better  spent  elsewhere...." 

Passages  from  other  reviews  are  more  representative  of  the  majority, 
e.g.: 


"As  described  In  the  present  proposal  the  Cornell  Electron 
Synchrotron  has  been  extremely  fruitful  in  probing  the 
electromagnetic  phenomena  of  elementary  particles.  I  am 
satisfied  that  the  present  staff  Is  capable  of  accomplishing 
the  feat  they  proposed  in  the  proposal  and  1  would  support 
the  construction  of  a  colliding  beam  facility  at  Cornell 
enthusiastically.  I  am  aware  that  the  funds  for  this 
construction  must  come  from  a  limited  budget  of  NSF  for 
High  Energy  Physics.  I  think  this  machine  is  promising 
enough  for  me  to  recommend  approval  of  this  proposal  even 
if  it  means  sacrificing  some  part  of  ongoing  High  Energy 
Physics  programs  to  some  extent." 

"Also  for  the  modified  proposal,  the  view  of  the  Low  panel* 
that  'the  facility  proposed  by  Cornell  would  provide  a 
valuable  addition  to  the  U.S.  HEP  program  in  a  field  which 
has  proven  rich  beyond  all  expectation,’  Is  and  remains 
my  own.  Even  after  the  Woods  Hole  meeting,  preliminary 
evidence  strongly  suggests  that  the  structures  to  be 
uncovered  are  even  richer  than  was  known  then.  There  Is 
no  doubt  in  my  mind  that  a  machine  in  the  Cornell  range 
is  very  much  more  than  a  'double  check  facility'  for  other 
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machines.  The  amount  of  work  to  be  done  is  so  staggering 
that  this  machine  will  be  a  very  welcome  addition  to  a 
heavily  burdened  area  of  research.  I  may  add  that  if 
there  is  one  safe  bet  for  creative  new  results,  it  is  in 
the  area  of  e+e'  colliding  beams." 

*  1975  Future  Facilities  Subpanel  of  HEPAP,  chaired  by  F.  Low. 

"In  view  of  the  fact  that  the  datataking  rate  in  storage 
rings  is  quite  small,  that  a  storage  ring  can  only  work  at 
one  distinct  energy  at  a  time  no  matter  how  many  interaction 
regions  it  has,  and  in  view  of  the  very  large  energy  range 
and  physics  range  to  be  covered,  there  is  no  fear  that  this 
facility  could  present  an  unnecessary  tripling  up  of  effort 
even  if  both  PEP  and  PETRA  should  be  built.  I  conclude, 
therefore,  that  the  physics  potential  and  merit  are  amply 
proven.  There  is  also  no  question  about  the  competence  of 
the  investigators,  who  are  internationally  known  to  be  among 
the  finest  in  the  field." 

In  addition  to  the  mail  review,  a  site  visit  with  technical  reviewers 
was  conducted  in  May  1977,  prior  to  requesting  authorization  from  the 
National  Science  Board  to  proceed.  One  excerpt  from'the  reports  of 
the  site  visitors  makes  an  Important  point  about  the  need  for  an 
accelerator  in  the  CESR  energy  range: 

"The  CESR  project  is  designed  for  8  GeV  per  beam  with  ?. 
luminosity  of  1032.  Correspondingly,  in  the  region  of 
4  to  8  GeV  the  luminosity  is  4  times  that  which  could 
be  obtained  at  PEP  or  Petra.  A  priori  it  is  not  possible 
to  anticipate  where,  in  these  new  energy  regimes  of  e+e_ 
physics,  the  most  interesting  results  will  appear.  It  is 
important  that  the  whole  energy  region  be  covered  with 
machines  which  can  produce  the  highest  luminosity.  The 
Cornell  CESR  fills  a  conspicuous  gap  especially  since  the 
most  interesting  physics  is  not  necessarily  associated 
with  the  highest  energy." 

The  above  quotes  are  included  along  with  many  others  in  the  documentation 
(NSB-77-282)  sent  to  the  National  Science  Board.  This  material  was 
reviewed  by  all  levels  of  NSF  management  to  assure  that  the  balance 
of  opinion  stated  in  it  accurately  reflected  the  full  content  of  the 
scientific  and  technical  appraisal  of  the  project. 
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HEPAP  also  strongly  endorsed  the  Cornell  proposal  In  letters  from 
its  Chairman  to  the  NSF  dated  May  6  and  August  3,  1976,  the  latter 
quoted  here: 

"HEPAP  wishes  to  go  on  record  as  endorsing  strongly  the 
Cornell  proposal  for  the  same  reasons  that  I  expressed 
in  my  May  6  letter,  ....  We  are  happy  to  see  the 
support  given  so  far  by  NSF  for  this  project,  and  we 
enthusiastically  urge  that  this  support  continue.  We 
believe  that  this  excellent  proposal  offers  very  much 
to  the  field  of  high  energy  physics,  and  we  commend  the 
Cornell  staff  for  its  imaginative  contribution." 

On  the  basis  of  these  reviews,  NSF  made  tentative  plans  to  proceed 
with  the  revised  project.  The  NSF  intentions  to  fund  the  conversion 
project  were  explicitly  included  In  the  "FY  1978  Preliminary  Plans 
and  Estimates"  submitted  to  0MB  in  May  1976  and  in  the  NSF's  "FY  1978 
Budget  to  0MB."  The  latter  document  referenced  the  project  In  at 
least  four  places  with  language  such  as  that  used  on  page  C-III-2: 

"The  Elementary  Particle  Physics  program  will  provide 
Initial  support  for  the  conversion  of  the  Cornell 
University  synchrotron  to  colliding  beam  operation. 

The  estimated  first  year  cost  of  the  conversion  is  $3.2 
million  above  the  laboratory's  annual  operating  budget. 

The  $2.08  million  increase  for  this  program  will  cover 
roughly  two- thirds  of  the  needed  increment.  The 
remaining  $1.0  million  will  be  generated  at  the  expense 
of  the  base  program  in  Elementary  Particle  Physics." 

Thus,  there  is  no  basis  for  the  claim  that  NSF  "sneaked"  the  project 
by  0MB.  Similar  language  appeared  in  several  places  in  the  "FY  1978 
Budget  to  Congress."  For  example,  on  page  B-III-5  the  NSF  stated: 

"The  Elementary  Particle  Physics  program  will  provide 
initial  support  for  the  conversion  of  the  Cornell  Univer¬ 
sity  synchrotron  to  colliding  beam  operation.  The 
estimated  first  year  cost  of  the  conversion  is  $3.2 
million  above  the  laboratory's  annual  operating  budget. 

The  $2.73  million  Increase  for  this  program  above  the 
FY  1977  level  of  $19.37  million  will  cover  roughly 
two-thirds  of  the  Increment  needed  for  the  Cornell 
conversion  and  will  allow  a  start  on  instrumentation 
required  by  user  groups  for  experiments  at  colliding 
beam  facilities,  especially  at  the  Proton-Electron 
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Positron  (PEP)  Colliding  Beam  Facility  being  constructed 
at  the  Stanford  Linear  Accelerator  with  ERDA  funding. 

The  remaining  $1.0  million  will  be  generated  at  the  expense 
of  the  base  program  in  Elementary  Particle  Physics." 

Questions  from  congressional  staff  early  in  1977  indicate  they  were 
aware  of  NSF's  intentions  regarding  the  conversion.  No  objections 
were  raised  either  by  the  0MB  or  by  the  Congress  in  considering  NSF’s 
FY  1978  budget.  Discovery  of  the  upsllon  particle  at  Fermilab  In  early 
1977  greatly  enhanced  scientific  excitement  over  the  energy  range  to 
be  covered  by  CESR.  In  July  1977,  the  National  Science  Board  authorized 
proceeding  with  the  conversion.  The  synchrotron  was  shut  down  in  late 
September  and  the  conversion  began  on  October  1,  1977. 

Current  Status  of  the  Conversion.  The  Cornell  12  GeV  synchrotron  has 
been "converted  to  an  electron-positron  colliding  beam  facility  and 
began  operation  for  experiments  In  October  1979,  six  months  ahead  of 
the  original  schedule.  The  total  cost  of  the  conversion  is  estimated 
to  be  $20.3M,  about  $400K  less  than  the  original  estimate  of  $20. 7M, 
by  October  31,  1980.  This  is  remarkable  In  view  of  the  unexpected 
inflation  in  this  period.  The  task  Included  installation  of  a  storage 
ring  in  the  existing  synchrotron  tunnel  and  fabrication  of  a  major 
detector,  CLEO,  in  the  south  experimental  area.  Experiments  are  also 
proceeding  In  the  smaller,  north  experimental  area.  An  active  research 
program,  involving  Cornell  physicists  and  users  from  seven  outside 
universities,  is  being  pursued  in  the  energy  range  of  the  upsllon  (t) 
family  and  other  particles  with  the  b  quantum  number.  The  Advisory 
Committee  for  Physics,  in  its  recent  1980  report  on  the  NSF's 
Elementary  Particle  Physics  Program,  concluded  Its  discussion  of 
the  CESR  facility  with: 

"The  Cornell  staff  are  to  be  commended  for  an  outstanding 
technical  achievement  in  building  the  machine.  Although 
there  was  not  Initial  unanimity  in  the  physics  community 
about  the  desirability  of  building  CESR,  the  outcome  speaks 
well  for  the  foresight  of  NSF  and  its  program  officers  In 
deciding  to  go  ahead  with  the  construction.  As  a  result, 
the  United  States  has  an  opportunity  to  dominate  studies 
of  t  physics  for  the  next  five  years.” 

The  NSF  will  provide  $6.7M  in  FY  1980  to  Cornell  for  the  operation  of 
CESR,  for  the  Cornell  in-house  research  program,  and  for  minor  modifi¬ 
cations  to  the  storage  ring  to  complete  the  conversion  ahead  of  the 
scheduled  date  of  October  31,  1980.  The  funds  provided  in  FY  1980 
for  completion  of  the  conversion  are  included  in  the  $20. 3M  estimated 
total  cost  given  above. 
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NSF  Management  of  the  Conversion.  The  NSF  and  Cornell  negotiated 
a  cost  reimbursement  contract  for  "Conversion  of  the  Cornell  Electron 
Synchrotron  into  an  Electron-Positron  Colliding  Beam  Facility," 

NSF-C537,  Amendment  35,  effective  November  1,  1977,  with  an  expected 
completion  date  of  October  31,  1980. 

The  Foundation  has  complied  with  the  requirements  of  FPR  1-18 
applicable  to  construction  contracts  and  for  cost  type  contracts. 

In  regard  to  accountability,  the  Contractor  has  to  comply  with 
Allowable  Cost  and  Payment  clause.  Limitation  of  Cost,  Audit  and 
Records,  Examination  of  Records,  Negotiated  Overhead  Rates  -  Pre¬ 
determined,  Davis  Bacon  Act  (40  U.S.C.  276(a)-27a-7),  Contract  Work 
Hours  and  Safety  Standards  Act  -  Overtime  Compensation  (40  U.S.C. 
327-333)  Apprentices  and  Trainees,  Payroll  and  Basic  Record,  Etc. 

Once  a  contract  is  awarded,  NSF  monitors  it  through  the  NSF  program 
director  and  the  contracting  officer  in  accordance  with  the  terms  of 
the  contract.  The  contract  contains  a  Technical  Direction  clause 
which  designates  the  NSF  program  director  as  responsible  for  review 
of  technical  progress  through  site  visits  and  evaluation  of  quarterly 
reports.  In  addition  the  contract  requires  that  the  contractor  promptly 
notify  the  contracting  officer  In  writing' of  any  events  which  sub¬ 
stantially  alter  the  work  statement  and  shall  not  proceed  until  written 
approval  is  obtained  from  the  contracting  officer.  The  contract  also 
contains  approval  requirements  for  purchase  of  permanent  equipment, 
subcontracts,  and  consultant  costs.  In  addition  to  the  above,  the 
contractor  is  required  to  comply  with  the  Limitation  of  Cost  Provisions 
which  protects  NSF  against  any  cost  Increase. 

The  contract  details  the  requirements  for  financial  and  technical 
reporting.  Cornell  Is  required  to  submit: 

Monthly  financial  reports  in  a  detailed,  specified  format. 

Qua'  ierly  technical  reports. 

Annual  summary  reports. 

The  financial  reports  clearly  separate  budgets  and  expenditures  for 
the  various  components  of  the  project  Into  more  than  100  elements. 

The  required  reports  are  being  submitted  by  Cornell  and  are  reviewed 
by  NSF  staff  as  they  arrive. 

In  response  to  the  statement  that  NSF  does  not  place  representatives 
at  the  site,  it  should  be  pointed  out  that  NSF  does  not  have  the 
necessary  staff  to  do  this;  thus  NSF  relies  on  the  use  of  the  program 
manager,  site  visits  made  up  of  experts  in  the  field,  close  coopera¬ 
tion  with  the  Contractor  and  enforcement  of  the  terms  and  conditions 
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of  the  contract,  to  resolve  technical  or  cost  problems.  Again  it 
must  be  pointed  out  that  NSF  does  have  agency  procedures  for  the 
award  and  administration  of  contracts. 

NSF  took  teams  of  technical  reviewers  to  Cornell  to  assess  the  project 
in: 


May  1977  (prior  to  the  conversion), 

May  1978  (during  the  conversion), 

June  1979  (prior  to  seeking  operating  funds  for  CESR). 

In  addition,  there  were  numerous  site  visits  at  other  times  during  the 
period  by  NSF  program  officers  to  monitor  progress. 

Additional  program  staff  was  hired  to  assist  the  Elementary  Particle 
Physics  program  director  in  the  Intensive  monitoring  and  approval 
activities  during  early  phases  of  the  conversion.  The  combination 
of  efforts  of  the  program  manager  and  of  the  contracting  off.cer 
would  have  allowed  early  detection  of  problems  which  could  lead  to 
delays  or  cost  Increases. 

In  FY  1978,  NSF  speeded  up  the  funding  rate,  enabling  the  contractor 
to  purchase  long  lead  Items  and  resulting  In  an  advance  of  the 
schedule  for  beginning  experiments  and  an  eventual  cost  savings  to 
the  government. 

The  draft  report  states  "that  the  required  fiscal  controls,  as  set 
forth  in  contract  are  In  place  and  they  are  working. 11  The  assertion 
that  NSF  has  little  management  control  over  the  construction  activities 
is  not  correct.  Thus,  it  Is  our  position  that  the  NSF's  contracting 
and  monitoring  procedures  are  adequate  and  appropriate,  even  for 
projects  as  complex  as  the  CESR  conversion.  We  do  not  concur  with 
the  recommendation  that  additional  contracting  procedures  are  necessary 
for  projects  such  as  this. 

GAO  Report  "Modernization  of  the  Nevis  Synchrocyclotron  Facility" 
(PSAD-78-103) 

On  May  23,  1978,  the  GAO  issued  its  report  on  the  modernization  of 
Columbia  University's  Nevis  Synchrocyclotron  Facility,  which  had 
supported  some  of  the  most  illustrious  discoveries  in  U.S.  scientific 
research  in  the  past  quarter  century.  The  draft  report  references 
this  study  as  the  basis  for  its  concern  over  NSF's  accountability 
and  monitoring  of  construction  projects.  As  stated  in  earlier 
responses  to  the  report  on  the  Nevis  Synchrocylotron  facility,  the 
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Foundation  did  not  accept  certain  conclusions  of  that  report, 
accepted  other  suggestions,  and  noted  that  the  GAO  recommendation 
"that  the  Director  of  the  National  Science  Foundation  terminate 
funding  for  the  synchrocyclotron  project"  was  already  being  carried 
out  independently  by  the  NSF. 

On  November  14,  1977,  Columbia  University  and  National  Science 
Foundation  staff  negotiated  an  orderly  procedure  for  termination 
of  the  synchrocyclotron  project  by  mid-1978.  In  accordance  with 
this  plan,  no  funding  provision  for  operation  of  the  Nevis  synchro¬ 
cyclotron  was  made  in  the  National  Science  Foundation's  FY  1979 
Budget  Request  to  the  Congress. 

Many  of  the  questions  posed  in  the  GAO  report  on  the  Nevis  Synchro¬ 
cyclotron  already  were  answered  by  the  NSF  on  September  30,  1976, 
in  oversight  hearings  before  the  House  Subcommittee  on  Science, 
Research  and  Technology.  The  transcript  of  those  hearings  contains 
extensive  additional  information  concerning  the  history  of  the 
project  and  particularly  concerning  some  of  the  detailed  management 
devices  which  we  have  adopted,  some  of  them  in  response  to  problems 
encountered  on  the  Nevis  project  and  some  of  them  evolving  from 
experiences  with  our  more  successful  projects. 

The  success  of  the  CESR  project  attests  to  the  efficacy  of  these 
new  devices. 

Recommendations  Concerning  the  NSF  Budget  Structure 


In  connection  with  the  recommendation  that  construction  projects  and 
accelerator  development  projects  with  total  estimated  costs  over  $5M 
be  identified  as  line  items  in  the  NSF  budget,  we  note  (1)  the 
Cornell  conversion  project  was  discussed  explicitly,  with  budget 
numbers,  in  the  text  of  relevant  budgets  to  0MB  and  to  the  Congress, 
and  that  (2)  the  NSF's  budget  structure  has  been  developed  in  dis¬ 
cussion  with  staffs  of  Appropriation  Committees  which  apparently 
find  the  present  budget  structure  to  be  satisfactory.  Therefore,  in 
the  absence  of  other  guidance  from  Congress,  NSF  does  not  concur  with 
this  specific  suggestion  on  the  budget  structure. 

In  1978,  the  House  Science  and  Technology  Committee  asked  NSF  to 
devise  more  specific  procedures  for  examining  so-called  "big  science" 
items  before  including  them  in  the  budget  request  to  Congress.  In 
February  1979  the  Foundation  notified  the  Committee  of  the  policies 
and  procedures  it  had  adopted  for  reviewing  the  scientific  justifi¬ 
cation,  overall  construction  and  operating  costs,  management  structure 
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and  other  aspects  of  "big  science"  projects— defined  to  Include 
large  capital  investment  items  such  as  development  of  accelerators. 
These  policies  and  procedures  were  very  favorably  received  by  the 
Comnittee  and  provide  as  much  budget  visibility  and  long-term  cost 
information  as  the  recommended  line-item  budgeting  device.  Line- 
item  budgeting  would  complicate  the  budget  process  and  reduce 
management  flexibility  without  providing  any  additional  Information 
beyond  what  our  budget  documents  already  call  out. 

We  also  note  that  GAO  Report  PSAD-80-25  on  "Financial  States  of  Major 
Federal  Acquisitions  September  30,  1979"  used  a  uniform  threshold  of 
$25  million  to  identify  civil  agencies'  major  acquisitions.  We 
suggest  that  definitions  for  such  thresholds  which  differ  from  one 
area  of  science  to  another  would  be  confusing. 

Other  Recommendations  in  the  Draft  Report 


The  draft  report  also  recommends  that  the  program  managers  provide 
guidance  to  laboratories  as  to  the  amount  of  research  support  to  be 
provided  to  university  users.  NSF  already  does  provide  such  guidance 
to  Cornell  and  the  program  officers  attempt  to  work  together  with  the 
managements  of  other  laboratories,  when  appropriate,  to  provide  for 
the  needs  of  university  users. 

Likewise,  the  NSF  believes  Itself  to  be  as  responsive  as  possible 
within  funding  constraints  in  providing  equipment  support  to  users 
for  specific  experiments.  In  elementary  particle  physics,  NSF  has 
provided  equipment  funds  to  users  participating  in  experiments  at 
CESR,  at  Stanford  Linear  Accelerator  Center  including  experiments 
planned  at  PEP,  at  Fermilab,  and  at  Brookhaven. 

In  conclusion,  I  summarize  the  NSF  position  as  follows: 

— NSF  acted  openly  and  properly  in  undertaking  the  CESR  conversion 
project,  being  guided  by  the  best  scientific  and  technical  advice 
available  to  the  Foundation  at  the  time  the  project  was  actually 
undertaken.  The  project  was  endorsed  by  mail  reviews,  by  site 
visitors,  and  by  HEPAP,  and  was  approved  by  the  National  Science 
Board.  The  outstanding  success  of  this  project  attests  to  the 
correctness  of  this  decision.  The  CESR  began  operating  for  experi¬ 
ments  in  October  1979,  six  months  ahead  of  the  original  schedule, 
and  the  total  cost  of  the  conversion  is  currently  estimated  at 
$20. 3M,  $400K  less  than  the  original  estimate  of  $20. 7M.  This  new 
facility  is  made  available  for  research  in  high  energy  physics  for 
about  $5M  more  than  NSF  would  have  provided  to  Cornell  for  operation 
of  the  unmodified  synchrotron  during  FY  1978-80. 
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— NSF  views  its  contracting  and  monitoring  procedures  as  appropriate 
and  adequate  to  construction  projects  such  as  the  CESR  conversion. 
Concerns  based  on  analogy  with  the  GAO  report  on  the  Nevis  Synchro¬ 
cyclotron  project  are  unfounded. 

--NSF  does  not  concur  in  the  specific  suggestion  that  accelerator 
development  or  construction  projects  costing  $5M  or  more  need 
necessarily  be  identified  as  line  items  in  the  budget.  The 
Foundation's  policies  require  explicit  long  range  planning  in 
these  areas  and  provide  0MB  and  Congress  with  full  and  early 
information  on  major  NSF  projects  without  the  complications 
inherent  in  line- item  budgeting. 

--NSF  undertakes  formalized  long  range  planning,  including  for 
fields  such  as  high  energy  physics,  which  are  heavily  dependent 
on  centralized  facilities.  NSF  program  staff  involve  themselves 
strongly  in  the  planning  activities  for  the  field  of  elementary 
particle  physics.  Any  plans  which  are  developed  must  continually 
be  reviewed  in  the  light  of  changing  scientific,  technological, 
and  economic  trends  as  well  as  overall  Foundation  and  national 
priorities. 

--NSF  is  continually  concerned  about  the  balance  of  funding  among 
different  fields  of  science.  This  is  an  extraordinarily  difficult 
and  challenging  problem,  involving  all  levels  of  NSF  staff,  the 
National  Science  Board,  and  the  scientific  community.  Constant 
attention  to  this  question  is  warranted. 

— NSF  feels  itself  to  be  in  compliance  with  the  recommendations  on 
advice  to  Cornell  regarding  service  to  university  users  and  on 
provision  of  equipment  to  university  users  for  specific  experiments. 

If  I  can  be  of  further  assistance  in  your  review  of  the  contents  of  this  draft, 
please  do  not  hesitate  to  call  on  me. 


Richard  C.  Atkinson 
Director 


GAO  note:  The  report's  title  has  been  changed  to  "In¬ 
creasing  Costs,  Competition  May  Hinder  U.S. 
Position  of  Leadership  in  High  Energy  Physics." 
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EXECUTIVE  OFFICE  OF  THE  PRESIDENT 
OFFICE  OF  MANAGEMENT  AND  BUDGET 

WASHINGTON.  D.C.  20503 


MAY  15  1980 


Mr.  Allen  R.  Voss 
Director 

General  Government  Division 

United  States  General  Accounting  Office 

Washington,  D.C.  20548 


Dear  Mr.  Voss: 


Thank  you  for  the  opportunity  to  comment  upon  the  draft  GAO  report  "U.S. 
Efforts  to  Lead  the  World  in  High  Energy  Physics — Status  and  Problems." 

[Sea  GAO  note,  p.  197.] 

In  general,  we  believe  that  the  draft  report  is  based  upon  an  incorrect 
assumption,  namely  that  the  U.S.  high  energy  physics  program  must  be 
designed  and  supported  with  the  goal  of  maintaining  world  leadership  in 
all  aspects  of  this  field  of  science.  We  do  not  believe  this  is  an 
appropriate  assumption  for  a  field  in  which  cooperative  international 
efforts  are  key. 

In  our  view,  the  U.S.  should  be  competitive  in  all  fields  of  basic 
science,  but  not  necessarily  the  leader  in  each  and  every  one.  Basic 
science  by  its  very  nature  is  an  area  of  human  endeavor  in  which  countries 
should  seek  to  cooperate  and  together  advance  the  state  of  scientific 
knowledge.  This  is  particularly  true  in  "big  science"  where  increasingly 
expensive  facilities  are  needed  to  advance  scientific  knowledge  and 
where,  therefore,  cooperative  endeavors  are  called  for  to  an  increasing 
extent. 


Despite  this  caveat,  we  would  note  that  the  U.S.  still  continues  not 
only  to  provide  a  significant  share  of  the  world's  budgetary  resources 
devoted  to  high  energy  physics  but  also  to  produce  important  scientific 
results.  In  the  view  of  the  key  agencies  Involved  in  support  of  this 
field,  namely  the  Department  of  Energy  and  the  National  Science  Foundation, 
the  U.S. ,  with  the  resources  now  being  applied,  is  competitive  with 
other  countries  in  high  energy  physics. 

With  regard  to  the  0MB  agreement  with  the  high  energy  physics  community 
on  a  long-range  level  of  funding,  we  would  note  that  this  agreement  was 
not  designed  to  hold  down  progress  In  the  field  but  rather  to  provide 
needed  stability  in  a  field  that  previously  had  been  subject  to  annual 
and  somewhat  unpredictable  fluctuations  in  support.  Stability  in  and 
commitment  to  support  is  particularly  necessary  in  high  energy  physics 
because  of  the  high  equipment  and  facilities  costs.  The  agreement  fixed 
a  reasonable  funding  profile  for  this  program  with  provision  for  inflation 
escalation  and  for  reconsideration  of  and  adjustment  to  the  overall 
level  of  support  from  year  to  year.  Unfortunately  the  GAO  report  is 
clearly  aimed  at  breaking  that  treaty  on  the  upside.  It  would  be  extremely 
difficult  for  0MB  to  agree  to  a  significant  Increase  in  funding  level 
especially  in  times  of  severe  budgetary  constraints  as  we  are  now  experiencing. 
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There  is  one  further  perspective  to  which  I  would  call  your  attention. 
The  GAO  report  calls  forcefully  for  significantly  larger  funding  for 
high  energy  physics  per  se.  Certainly  any  field  of  basic  science  could 
effectively  utilize  signTTicant  budget  augmentation.  However,  the 
government  has  the  responsibility  for  maintaining  a  vital  overall  basic 
science  effort  of  which  high  energy  physics  is  but  one  part.  The  GAO 
dollar  recommendation,  without  addressing  corollary  impacts  or  support 
of  other  fields  of  science,  will  simply  be  disruptive. 

We  feel  the  present  funding  for  high  energy  physics  is  appropriate.  We 
cannot  support  either  the  draft  report's  basic  premise  generally  or  the 
substance  of  the  report  that  calls  for  significantly  higher  funding. 


John  P.  White 
Deputy  Director 


GAO  note:  The  report’s  title  has  been  changed  to  "In¬ 
creasing  Costs,  Competition  May  Hinder  U.S. 
Position  of  Leadership  in  High  Energy  Physics." 
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EXECUTIVE  OFFICE  OF  THE  PRESIDENT 
OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY 
WASHINGTON,  D  C  20600 

March  20,  1980 


Mr.  Harry  S.  Havens 
Director,  United  States  General 
Accounting  Office 
Program  Analysis  Division 
Washington,  D.C.  20548 

Dear  Mr.  Havens: 

Dr.  Press  asked  me  to  respond  to  your  letter,  received  on  February 
20,  requesting  0STP  comments  on  the  draft  report  entitled,  "U.S.  Efforts 
to  Lead  the  World  in  High  Energy  Physics  —  Status  and  Problems." 

Because  I  recognize  that  the  report  is  being  reviewed  by  other  agencies, 
I  will  focus  my  comments  on  matters  of  particular  interest  to  0STP.  My 
failure  to  comment  in  some  areas  should  not  be  construed  as  agreement 
with  the  report. 

[See  GAO  note  1,  p.  201.] 

I. 


There  are  a  few  basic  premises  that  seem  to  underlie  the  report's 
approach  to  the  subject  matter.  I  believe  it  is  important  to  address 
these  premises  explicitly,  because  I  believe  they  are  subject  to  question. 

First,  the  report  is  founded  on  the  notion  that  there  is  no  current 
national  strategy  or  plan  for  high  energy  physics.  I  disagree.  The 
high  energy  physics  community  and  the  Government,  largely  because  of  the 
expensive  nature  of  the  machines  and  the  need  to  plan  research  for  years 
ahead,  have  long  recognized  the  need  to  develop  a  strategic  plan  as  to 
how  the  program  should  move  forward.  As  a  result,  there  is  an  extensive 
advisory  and  consultative  mechanism,  through  the  High  Energy  Physics 
Advisory  Panel  (HEPAP),  that  works  with  the  physics  community  and  with 
the  program  staffs  at  the  NSF  and  DoE  to  develop  a  scientifically  sound 
program.  The  strategy  that  has  emerged  from  this  process  is  clearly 
reflected  in  the  three  different  major  machines  that  operate  in  the 
United  States,  and  in  the  long-range  budgetary  planning.  The  soundness 
of  the  approach  is  reflected  in  the  remarkable  advances  that  the  program 
has  continued  to  achieve.  Indeed,  the  HEPAP  mechanism  and  the  DoE/OMB 
agreement  are  seen  as  models  for  planning  that  other  disciplines,  such 
as  nuclear  physics,  are  seeking  to  emulate. 

Second,  it  is  necessary  to  respond  explicitly  to  the  authors'  sense 
that  funding  has  "been  stretched  too  thinly"  (page  96)  as  a  result  of 
the  agreement  between  0MB  and  DoE.  It  is  important  to  recognize  that. 


(See  GAO  note  2,  p.  201.] 
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for  the  first  time,  the  agreement  has  provided  needed  predictability  and 
stability  in  the  funding  situation,  enabling  the  agencies  and  the  physics 
community  to  plan  ahead  with  confidence.  In  my  view,  these  benefits  are 
given  too  little  weight.  As  a  result  of  unexpectedly  high  inflation,  it 
is  possible  that  the  program  is  now  excessively  tight.  (Indeed,  in 
recognition  of  high  power  costs,  there  was  an  adjustment  in  the  FY  1981 
budget  to  allocate  some  additional  funds  to  high  energy  physics,  beyond 
those  that  would  arise  normally  from  the  agreement.)  But  high  energy 
physics  shares  fiscal  austerity  with  many  other  Federal  programs.  In 
these  inflationary  times,  times  in  which  the  President  and  the  Congress 
have  emphasized  the  importance  of  balancing  the  budget,  it  may  not  be  an 
opportune  moment  to  press  for  substantial  additional  funds.  Certainly 
the  funding  is  nowhere  near  as  inadequate  as  chapter  four  --  which  seems 
to  me  to  be  a  compilation  of  the  laboratory  directors'  wildest  dreams  -- 
would  lead  one  to  believe.  Moreover,  like  all  other  areas  of  research 
and  development,  there  will  be  periodic  reassessment  to  assure  that  the 
funding  is  adequate. 

Third,  the  report  is  permeated  with  the  view  that  our  strategy  for 
high  energy  physics  should  be  completely  governed  by  international 
competition.  This  notion  first  surfaces  in  the  title  and  ultimately  is 
reflected  in  the  development  of  the  various  alternative  strategies  in 
Chapter  5.  Although  competition  is  an  important  element  in  science,  and 
comparison  with  foreign  efforts  can  be  a  benchmark  for  measuring  our  own 
programs,  I  doubt  that  "dominating"  other  countries'  programs  is,  by 
itself,  a  useful  objective.  Such  an  approach  is  inherently  unstable 
because  of  the  mutual  vulnerability  of  each  country's  programs  to  the 
initiatives  of  others.  Perhaps  our  objective  should  be  to  maintain  a 
program  that  systematically  addresses  the  most  important  problems,  and 
that  adequately  supports  the  efforts  of  our  most  productive  scientists. 
Such  an  approach  would  not  necessarily  be  controlled  by  budgetary  compari¬ 
sons  with  CERN.  Thus,  even  if  the  Europeans  and  the  Soviets  were  to 
conclude  that  funds  previously  allocated  to  high  energy  were  best  spent 
elsewhere  —  if,  by  default,  we  were  to  "dominate"  the  world  —  I  would 
nonetheless  argue  that  the  U.S.  should  continue  its  program  at  its 
current  level  because  of  the  importance  of  the  research  to  our  under¬ 
standing  of  nature.  In  sum,  even  though  foreign  initiatives  should  be  a 
factor  in  our  planning,  a  sound  program  should  be  built  on  more  meaningful 
foundations  than  keeping  up  with  the  "international  Joneses." 


II. 


Let  me  turn  now  to  the  recommendation  that  is  directed  toward  OSTP. 
The  report  suggests  that  OSTP  should  coordinate  a  study  to  set  out  a 
strategy  for  high  energy  physics,  and  to  determine  the  appropriate  level 
for  funding  the  program,  balancing  its  needs  against  other  fields  of 
science.  We  feel  that  such  a  study  is  unnecessary.  As  noted  above, 
HEPAP  has  developed  such  a  strategy  in  consultation  with  NSF  and  DoE, 
and  the  HEPAP  advice  has  and  will  continue  to  guide  our  overall  program. 
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A  balancing  of  the  needs  of  high  energy  physics  against  other  scientific 
opportunities  has  already  guided  both  DoE  and  0MB  in  determining  the 
stable  funding  level.  Indeed,  the  budget  process  routinely  requires  a 
balancing  of  various  priorities  in  science. 

III. 


Let  me  conclude  by  drawing  your  attention  to  several  other  aspects 
of  the  report  that  are  of  concern  to  OSTP: 

o  The  report  indicates  that  GAO  staff  "conducted  work  at"  a  variety 
of  American  and  European  sites,  including  OSTP  (page  14).  To  my 
knowledge,  the  only  OSTP  contact  with  this  study  was  by  way  of  a 
brief  telephone  conversation. 

o  The  draft  draws  particular  attention  to  the  peak  in  funding  in 
1970,  and  the  subsequent  decline  (pages  17-20).  The  emphasis  on 
the  peak  year  --  and  the  implication  that  our  current  commitment 
should  be  measured  by  comparison  to  that  year  --  is  particularly 
inappropriate  in  the  case  of  high  energy  physics  because  of  the 
fluctuating  nature  of  expenditures  on  facilities.  As  the  chart  on 
page  51  indicates,  the  peak  in  1970  was  largely  the  result  of 
construction.  Moreover,  perhaps  it  is  worthy  of  note  that  funding 
has  increased  since  1975  and  the  effect  of  the  OMB/DoE  agreement 
has  been  to  smooth  the  previous  fluctuations  in  funding. 

o  The  report  alleges  on  page  44  that-  U.S.  policy  toward  basic  science 
"emphasizes  the  funding  of  those  sciences  that  may  help  resolve 
National  problems."  See  also  pages  45-46.  The  source  for  this 
allegation  seems  to  be  a  single  sentence  from  a  1978  memorandum. 

The  Administration,  however,  has  adopted  a  much  broader  strategy 
with  regard  to  the  funding  of  basic  science.  There  has  been  sub¬ 
stantial  growth  in  the  support  of  basic  research  in  the  mission 
agencies,  because  of  the  President's  commitment  to  make  investments 
in  basic  science  that  will  underlie  the  achievement  of  agency 
missions.  This  strategy  is  in  response  to  the  decline  in  support 
over  the  decade  starting  in  1967.  But  this  growth  has  not  been  at 
the  expense  of  science  with,  to  use  your  terminology,  intrinsic 
merit.  Thus,  there  has  been  continued  growth  in  support  for  the 
National  Science  Foundation  in  the  basic  research  directorates  — 
support  that  is  provided  to  meet  scientific  opportunities,  rather 
than  necessarily  to  focus  on  National  problems.  Indeed,  the  January 
budget  submission  provided  a  nearly  17%  increase  in  NSF  funding  of 
basic  science  over  FY  1980,  and  over  40%  growth  in  the  period  since 
FY  1978. 

o  The  report  is  very  critical  of  the  NSF  in  supporting  the  Cornell 
facility.  I  understand,  however,  that  the  Cornell  facility  was 
given  enthusiastic  approval  after  the  project  was  re-configured. 

It  was  completed  for  less  money  than  was  initially  anticipated  and 
will  provide  data  in  an  important  energy  regime.  This  facility 
seems  to  be  a  success. 
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I  appreciate  the  opportunity  to  comment  on  the  report,  and  I  hope 
these  comments  are  helpful. 


Sincerely,  , 

Richard  A.  Meserve 
Senior  Policy  Analyst 


GAO  note  1:  The  report's  title  has  been  changed  to  "In¬ 
creasing  Costs,  Competition  May  Hinder  U.S. 
Position  of  Leadership  in  High  Energy  Physics." 

GAO  note  2:  Page  and  chapter  references  have  been 

changed  to  reflect  location  in  the  final 
report. 
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US  DtpWCTWM  Ol  t«€St|V 

ARCONNE  NATIONAL  LABORATORY 

9700 Sourh  Cass  A-enle,  Arc^w,  llfcois  60459  ticpk^  512/972-5  S  5  S 


March  28,  1980 


Mr.  J.  Dexter  Peach 
Director 

United  States  General  Accounting  Office 
441  G  St.  N.W. 

Washington,  D.  C.  20548 

Dear  Mr.  Peach: 

Thank  you  for  the  opportunity  to  comment  on  the  draft  of  the 
GAO  report  entitled  "U.S.  Efforts  to  Lead  the  World  in  High  Energy 
Physics  -  Status  and  Problems."  Many  thoughtful  and  valid  issues 
are  raised  in  the  report  and  should  be  discussed  by  various  groups 
in  the  scientific  community  and  government.  While  we  agree  with 
some  of  the  conclusions  reached  in  the  report,  in  this  letter  we 
focus  our  comments  on  those  items  where  our  views  differ  from  those 
given  in  the  report.  [See  GAQ  note  ^  p>  206-] 

There  is  some  confusion  about  the  use  of  phrases  such  as  world 
leadership  and  world  dominance.  High  energy  physics  is  research 
at  the  frontier  of  knowledge,  and  so  the  rewards  are  dispropor¬ 
tionately  weighted  towards  a  situation  where  the  principal  dis¬ 
coveries  are  given  great  weight  and  the  fill-in  experiments, 
although  important  and  interesting,  are  not  heavily  counted. 

There  are  no  rewards  for  coming  in  in  second  place.  In  the  break¬ 
through  discoveries,  however,  it  is  naive  to  think  that  the  United 
States  can  achieve  a  dominant  position  over  the  full  range  of 
options  with  a  budget  level  that  is  about  one-half  that  of  Western 
Europe.  We  can,  however,  with  the  Deutch  plan  of  $300M  per  year 
corrected  for  inflation,  provide  for  an  essential  diversity  in  the 
field  and  also  provide  unique  and  frontier  accelerators  in  some 
areas,  and  this  is  basically  the  strategy  that  is  being  followed. 

The  overall  high  energy  physics  options  -  world  leadership, 
etc.  are  in  the  last  analysis  political  matters  and  are  properly 
decided  by  appropriate  elected  representatives  in  the  Congress 
and  by  the  Administration.  It  seems  most  unlikely  that  the  pro¬ 
posed  work  group  (p.  95)  of  science  policy  experts,  etc.  could  do 
more  than  define  various  policy  options,  however,  unless  it  also 
covered  similar  policy  questions  in  all  fields  of  basic  research 
in  physical  sciences  and  life  sciences,  including  such  expensive 
and  controversial  areas  as  the  war  on  cancer  and  space  exploration. 
Comparisons  between  different  areas  of  science  are  almost  impossible 
to  carry  out  in  an  objective  way,  and  such  studies  are  not  likely 
to  lead  to  results  that  are  operationally  useful.  Furthermore,  it 
is  very  implausible  that  the  0MB  or  other  governmental  body  would 

[See  GAO  note  2,  p.  206.] 
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apportion  the  existing  high  energy  physics  resources  in  a  more 
effective  manner  than  do  existing  types  of  advisory  and  peer  review 
mechanisms  within  the  field. 

Throughout  the  report  there  is  an  underlying  theme  that  the  field 
of  high  energy  physics  should  be  run  with  more  central  planning. 

It  appears  to  us  that  additional  central  planning  would  in  general 
have  an  adverse  effect  on  the  field.  Indeed,  the  fact  that  the  U.S. 
program  has  remained  competitive  with  that  of  Western  Europe  is  in 
large  part  due  to  the  diversity  of  style  and  approach  of  the  U.S. 
program.  An  important  ingredient  to  this  diversity  has  been  the 
flexibility  given  the  laboratories  to  develop  their  best  and  most 
competitive  program.  Clearly  some  overall  coordination  and  direction 
must  and  is  being  given  to  the  national  program,  but  the  problem  of 
resource  allocation  in  the  field  is  difficult  and  complex.  The 
community  has  input  through  national  advisory  bodies  such  as  HEPAP, 
as  well  as  through  accelerator  experiment  selection  panels  and 
laboratory  visiting  committees  and  user  groups,  and  in  our  view  it 
is  not  advisable  to  provide  detailed  management  from  Washington  for 
a  research  program.  There  is  already  general  guidance  about  the 
amount  of  research  support  each  laboratory  provides  to  the  users  and 
a  more  detailed  control  would  be  counterproductive. 

The  report  emphasizes  the  fact  that  the  field  at  present  is 
somewhat  overextended  with  the  simultaneous  construction  of  several 
facilities.  This  situation  is  a  fluctuation  above  the  long-term 
average  and  represents  a  corrective  action  after  a  period  of  several 
years  with  no  new  construction.  The  present  construction  is  an 
investment  in  the  future  of  the  field  at  the  expense  of  near-term 
experimental  results.  It  is  not  surprising  that  some  of  the  users 
are  unhappy  with  the  inefficiencies  this  brings  to  their  present 
programs.  However,  the  decision  to  embark  on  major  construction 
activities  has  been  supported  by  the  field  through  HEPAP,  which 
considers  both  long-term  and  short-term  aspects  of  the  field.  By 
contrast,  the  program  in  the  Soviet  Union,  where  new  accelerator 
initiatives  are  not  pushed,  is  moribund  and  not  contributing  to 
the  field  proportionally  to  the  funds  expended. 

There  is  considerable  criticism  in  the  report  connected  with 
the  construction  of  CESR  at  Cornell.  Although  this  machine  was 
indeed  judged  to  be  of  lower  priority  than  PEP,  because  of  the 
existing  tunnels  and  the  10-GeV  electron  accelerator  that  could  be 
used  as  an  injector,  it  was  built  in  a  cost-effective  way  and  at 
a  total  cost  comparable  to  a  large  experiment.  The  decision  of  NSF 
to  proceed  with  this  construction  has  been  fully  supported  by  the 
outcome.  We  now  have  a  unique  facility,  well  suited  to  explore  the 
spectroscopy  of  the  b-quark  family  and  this  facility  has  already 
produced  results  of  great  interest. 
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We  agree  that  accountauility  through  peer  reviews  is  the  best 
method  for  handling  basic  research.  We  do  not  agree,  however,  that 
the  development,  const ruct ion ,  and  operation  of  accelerators  should 
be  treated  as  procurement  items.  By  their  very  definition  frontier 
accelerators  must  exceed  and  overcome  the  technical  limitations  of 
earlier  machines.  Because  of  this,  frontier  accelerator  construction, 
as  well  as  high  energy  physics  research,  is  basically  a  risk-taking 
enterprise  and  one  must  maintain  the  flexibility  to  achieve  the  best 
results  possible.  The  steady  series  of  past  U.S.  success  in  this 
field  were  attained  under  special  circumstances  and  are  not  guaran¬ 
teed  in  the  future,  especially  if  the  rules  are  changed.  An  attempt 
to  decrease  the  risks  by  proliferating  the  governmental  "oversight" 
and  "accountability"  mechanisms  for  high  energy  physics  is  very 
likely  to  be  counterproductive. 

Indeed,  we  have  already  seen  this  result  in  the  relatively  slow 
construction  of  PEP  compared  with  the  German  machine  PETRA,  and 
the  resulting  delay  has  placed  the  U.S.  program  at  a  severe  dis¬ 
advantage  in  this  area. 

The  overall  sense  of  the  paragraph  on  pp.  64-66  that  accelerator  R&D 
projects  at  Argonne  (during,  say,  1974-1979)  were  primarily  aimed 
at  averting  the  planned  ZGS  shutdown  is  grossly  misleading.  In 
fact,  the  primary  goals  of  HEP  accelerator  R5D  at  Argonne  during 
this  period  were: 

1)  To  maximize  the  capabilities  of  the  ZGS  for  carrying  out  the 
(widely  reviewed)  physics  experiments  during  its  final  five 
years  of  operation.  This  included  developing  the  world's 
first  capability  for  accelerating  polarized  protons  and 
polarized  deuterons  to  high  energy,  as  well  as  the  world's 
first  operational  high  energy  superconducting  beam  line. 

These  unique  capabilities  were  essential  in  the  extraction 
of  a  maximal  amount  of  physics  from  the  ZGS  before  its 
shutdown. 

2)  To  further  develop  and  demonstrate  the  technique  of  H  in¬ 
jection  into  a  synchrotron.  After  its  successful  use  on 
both  the  ZGS  and  the  "booster,"  this  technique  was  adopted 
at  Fermilab  and  is  about  to  be  implemented  at  Brookhaven. 

It  also  plays  an  important  role  in  the  design  of  next- 
generation  accelerators,  and  was  an  important  ingredient 
in  our  development  of  Heavy  Ion  Fusion  concepts  which 
could  well  lead  to  a  solution  of  our  long-range  energy 
problems . 

3)  To  develop  the  technology  of  superconducting  magnets  for 
accelerators.  This  is  the  Superconducting  Stretcher  Ring 
(SSR)  project,  which  as  the  report  pointed  out  was  rejected 
by  DOE  three  times.  It  was  proposed,  incidentally,  about 
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midway  through  the  productive  life  of  the  ZGS,  not  just  before 
shutdown.  However,  the  fourteen  magnets  were  installed  not  in 
the  accelerator  (as  stated  in  the  report),  but  in  the  world's 
first  (and  highly  successful)  superconducting  beam  line  as 
mentioned  above.  Some  key  issues  about  the  SSR  proposal  are 
not  mentioned  in  the  report: 

a)  The  proposal  was  made  in  explicit  response  to  the 
recommendation  of  the  1971  HEPAP  report  that  pilot 
projects  be  supported  to  develop  new  accelerator 
technologies . 

b)  The  main  goals  of  the  SSR  project  have  not  yet  been 
approached  anywhere,  namely,  the  achievement  of 
practical  experience  with  high  intensity  beams  in  rings 
of  superconducting  magnets,  the  achievement  of  power 
savings  by  avoiding  "flat-top"  operation  of  conventional 
magnets,  and  the  achievement  of  1004  duty  cycle  beam 
for  experiments.  The  power  saving  concept  originated 

in  the  SSR  proposal  and  was  later  incorporated  as  a 
basis  for  the  Fermilab  Energy  Saver. 

4)  The  booster  project  had  three  goals  -  development  of  new  tech¬ 
nology  for  future  fast-cycling  synchrotrons,  use  for  injection 
into  the  ZGS,  and  long-term  use  as  a  pulsed  neutron  source  at 
Argonne.  The  first  and  third  of  these  goals  were  successfully 
achieved  with  broad  impacts  upon  accelerator  science  and  upon 
pulsed  neutron  physics  experiments.  The  second  was  not  achieved 
since  the  initial  booster  operation  occurred  about  a  year  too 
late  to  be  useful  for  unpolarized  beam  operations  of  the  ZGS. 

It  was,  and  is,  Argonne's  clearly  stated  position  that  the 
booster  project  was  fully  justified  by  its  contributions  to 
accelerator  science  quite  apart  from  any  use  of  this  accelerator 
to  produce  beams  for  experiments.  This  position  has  been  con¬ 
sistently  supported  in  outside  reviews  of  our  program.  In  fact, 
at  present  (1980)  this  booster  is  a  workhorse  source  of  slow 
neutrons  and  has  stimulated  similar  work  in  England,  Germany, 
Japan,  and  Los  Alamos.  Several  major  research  programs  in 
solid  state  physics  are  carried  out  using  the  booster  and  it 
has  replaced  the  CP- 5  reactor  for  this  purpose. 

Please  let  us  know  if  we  can  be  of  further  help  to  you  on  this 
project . 

Sincerely , 

Walter  E.  Massey 

Director 

RED/WEM: jsd 
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GAO  note  1:  The  report's  title  has  been  changed  to  "Increasing  Costs, 
Competition  May  Hinder  U.S.  Position  of  Leadership  in 
High  Energy  Physics." 

GAO  note  2:  Page  references  have  been  changed  to  reflect  location 
in  the  final  report. 
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Office  of  the  Director 


BROQKHAVEN  NATIONAL  LABORATORY 
ASSOCIATED  UNIVERSITIES.  INC. 

Upton,  New  York  11973 
(516)  345-  3335 


March  18,  1980 


Mr.  J.  Dexter  Peach 
Director  Energy  and  Minerals  Division 
U.S.  General  Accounting  Office 
Washington,  DC  20548 

Dear  Mr.  Peach: 

This  Is  in  response  to  your  request  for  comments  on  the  draft  GAO 
report  "U.S.  Efforts  to  Lead  the  World  In  High  Energy  Physics  -  Status 
and  Problems."  I  appreciated  the  opportunity  to  meet  with  you.  Dr.  Staats, 
and  the  key  officials  on  February  26  to  discuss  the  report.  This  letter  la 

a  follow  up  on  that  meeting.  , 

r  6  [See  GAO  note  1,  p.  209.) 

I  am  particularly  concerned  about  two  points  that  are  made  in  the  re¬ 
port,  namely  that  more  "accountability"  Is  needed  In  the  high  energy  pro¬ 
gram  and  that  too  much  of  the  budget  has  been  devoted  to  machine  building 
in  recent  years. 

As  to  the  first  point,  accountability  always  gets  presented  as  an  o.k. 
thing  of  which  we  can  never  have  enough.  Nevertheless,  over  accountability 
results  not  in  better  programs  but  rigor  mortis.  Several  of  us  tried  to 
show  that  there  Is  already  an  incredible  amount  of  accountability  in  the 
high  energy  program  through  the  various  review  and  funding  mechanlssis  that 
exist.  No  significant  activity  in  the  high  energy  program  has  taken  place 
without  advance  knowledge  by  the  program  directors  In  Washington,  by  the 
principal  planning  entity,  HEPAP,  and  by  the  community  of  high  energy 
physicists.  Each  year  extensive  reporting  of  these  plans  to  the  Congress 
has  taken  place.  It  Is  my  opinion  that  high  energy  physics  in  the  United 
States  is  already  burdened  with  too  much  accounting  for  Itself  before, 
during,  and  after  the  fact  for  the  maximum  health  of  the  science,  and  I 
am  surprised  that  the  GAO  has  come  out  strongly  on  the  other  side.  The 
consequence  of  their  position  could  be  still  more  centralized  direction 
from  Washington,  which  would  be  quite  counter  productive. 

The  second  point,  too  much  of  the  budget  devoted  to  machine  building, 
is  played  up  strongly  and  repeatedly  in  the  report  but  no  evidence  what¬ 
ever  is  given  in  its  support.  Without  the  machines  now  operating,  of  course, 
experimental  high  energy  physics  would  come  to  an  Immediate  halt,  but  with¬ 
out  support  for  new  machines,  high  energy  physics  in  the  future  would  halt. 
The  question  of  what  is  the  best  balance  between  the  two  needs  in  the  face 
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of  limited  budgets  Is  highly  technical.  It  has  been  hammered  out  In  a 
series  of  meetings  of  HEPAP  and  its  various  panels  of  experts,  and  the 
present  balance  reflects  that  consensus,  not  the  whims  of  laboratory 
directors.  As  a  director  of  one  of  the  three  DOE  high  energy  centers, 

I  assure  you  that  what  we  do  is  based  on  the  broadest  discussions  with¬ 
in  the  high  energy  community  and  not  just  my  personal  preferences.  The 
GAO  is  making  a  very  serious  charge  of  mismanagement  here.  How  they 
arrived  at  their  judgment  I  do  not  know,  and  the  draft  report  does  not 
explain.  I  am  satisfied  that  the  GAO  could  not  back  up  their  stance 
with  the  weight  of  expert  opinion,  and  therefore  I  urge  very  careful 
reconsideration  of  this  component  of  the  report. 

It  may  be  worth  restating  some  remarks  I  made  at  our  meeting  about 
the  traditional  handling  of  RAD  funds  in  DOE  and  its  predecessor  agencies. 

The  laboratories  involved  in  accelerator  development  are  all  non-profit 
contractors.  Each  has  had  for  many  years  an  ongoing  program  of  accelera¬ 
tor  RAD  supported  by  an  operating  budget  (since  they  are  non-profit,  there 
is  no  other  way  for  them  to  do  this) .  This  budget  is  meant  to  support 
generic  research  in  the  accelerator  art  and  related  matters.  New  con¬ 
cepts  and  new  ideas  for  accelerators  and  experimental  equipment  arise  from 
this  research  and  can  be  tested  and  discarded,  or  developed  up  to  the  stage 
of  implementation.  Superconducting  magnets,  storage  rings,  colliding  beams, 
new  schemes  for  increasing  beam  intensities,  energy  saving,  more  effective 
detection  systems,  and  a  host  of  other  ideas  necessary  for  new  frontiers 
are  developed  with  these  funds,  from  this  work,  it  is  Intended  that  pro¬ 
posals  for  new  machines  will  be  developed,  and  from  time  to  time  each 
laboratory  has  done  exactly  this.  These  proposals  go  in  as  requests  for 
line-item  funding  of  new  accelerator  construction  projects.  Many  proposals 
are  not  accepted  or  proceed  only  after  repeated  submission,  while  under¬ 
going  yearly  modifications  and  updating  according  to  the  developments  in 
the  accelerator  art  and  the  needs  of  the  science.  After  an  accelerator 
construction  proposal  has  been  accepted  by  the  DOE  and  Congress  has  autho¬ 
rized  construction,  the  need  for  accelerator  RAD  to  support  the  project 
continues  through  the  construction  years  in  order  to  build  the  most  effec¬ 
tive  device,  and  afterward  for  the  purpose  of  its  upgrading  and  improvement. 
The  GAO  report  makes  this  activity  sound  illicit  and  in  need  of  tighter 
control  when  indeed  it  has  been  functioning  exactly  as  intended  and  in  an 
efficient  and  effective  manner,  in  full  view  of  the  funding  agency,  the 
OMB,  and  Congress  at  every  stage.  This  aspect  of  the  report  is,  I  believe, 
based  on  a  misunderstanding  of  what  is  supposed  to  take  place.  If  its 
thrust  were  to  be  accepted  by  the  Congress,  vital  flexibility  and  the 
capacity  of  our  accelerator  builders  to  work  in  accordance  with  the  very 
latest  state-of-the-art  instead  of  according  to  fossilized  plans  laid 
down  years  before  would  be  lost.  Also  lost  would  be  any  hope  for  the 
United  States  to  remain  competitive  on  the  world  stage  of  high  energy  physics. 

Finally,  I  must  point  out  a  misunderstanding  that  occurs  on  page  81 
of  the  draft  report  under  the  subtitle  "Support  from  Laboratories."  The 
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cable  here  lists  certain  sums  purported  to  be  for  the  support  of 
university  researchers  at  the  three  DOE  laboratories.  In  fact,  these 
funds  are  not  that  at  all  -  they  are  the  cost  of  physics  research  done 
by  the  ln-house  staff  of  each  laboratory.  The  remainder  of  the  opera¬ 
ting  budget  (around  85  percent  of  the  total  in  each  laboratory)  supports 
the  whole  high  energy  conmunlty,  largely  composed  of  university  scientists, 
because  it  is  this  money  that  operates  the  existing  facilities  and  per¬ 
forms  R&D  oriented  toward  future  facilities.  .  . 

ISee  GAO  note  2.J 

I  have  read  the  comments  already  submitted  by  W.R.  PanofBky,  S.D.  Drell, 
and  G.F.  Tape,  and  also  strongly  back  what  they  have  said. 

Thank  you  for  the  opportunity  to  comment  on  the  report. 

Sincerely  yours. 


George^.  Vineyard  O' 
Director 


mk 


GAO  note  1 : 


GAO  note  2 : 


The  report's  title  has  been  changed  to  "In¬ 
creasing  Costs,  Competition  May  Hinder  U.S. 
Position  of  Leadership  in  High  Energy  Physics. 

The  table  which  appeared  on  page  81  of 
the  draft  report  has  been  deleted  from 
this  final  report.  (See  p.  108.) 
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Fermilab 


Fermi  National  Accelerator  Laboratory 
P.O.  Box  500  •  Batavia,  Illinois  •  60510 

Directors  Office 


March  12,  1980 


Mr.  J.  Dexter  Peach,  Director 
Energy  and  Minerals  Division 
U.  S.  General  Accounting  Office 
Washington,  D.  C.  20548 

Dear  Mr.  Peach: 

I  thank  you  for  the  opportunity  to  comment  on  the  GAO  report  on 
High  Energy  Physics. 

I  recognize  five  substantive  conclusions/recommendations  in  this 
report,  briefly  paraphrased: 

1.  The  benefits  of  world  leadership  are  not  clear. 

2.  There  has  been  an  overemphasis  on  development  and  construction 
of  accelerators. 

3.  Policy  objectives  (presumably  measured  only  by  a  competitive 
stance)  should  be  evaluated  and  Implemented  only  if  sufficient 
funds  are  available. 

4.  Not  enough  accountability  (!).  Accelerator  R&D  at  the  $5M 
level  should  be  line  item. 

5.  Accelerator  utilization  levels  and  laboratory  assistance  levels 
to  University  users  should  be  established  by  Panels. 

I  will  make  my  comments  on  each  of  these  very  brief  since  I’m  sure 
others  will  comment  at  length.  My  numbering: 

1.  The  GAO  adopted  a  set  of  options  which  measure  competitive  status 
as  a  criteria  for  establishing  a  funding  level,  rather  than  scientific 
merit.  Presumably  they  felt  more  comfortable  with  what  seemed  a  more 
readily  quantifiable  property.  Having  done  this,  they  find  that  the 
"benefits’'  of  leadership  are  difficult  to  evaluate.  We  would  rather  defend 
a  program  on  scientific  merit  but  benefits  of  world  leadership  are  obvious 
and  historically  documented.  One  cannot  ask  a  gifted  scientist  to  spend 
many  years  of  his  life  working  with  second  rate  equipment.  He  is  in  demand 
and  will  go  where  the  facilities  are  best.  Thus  was  the  origin  of  the 
Brain  Drain  of  the  1950 ‘ s  and  a  factor  in  the  strenuous  efforts  of  Europe 
and  Japan  (and  most  recently,  the  PRC)  to  catch  up. 

2.  If  we  have  overemphasized  construction,  which  of  the  present 
inventory  is  excessive?  Cornell,  the  only  example  cited,  happens  to  be  in 
a  unique  position  to  do  Upsilon  spectroscopy  and,  at  this  writing,  is  the 
only  e+e*  machine  in  the  U.  S.  getting  excellent  data.  On  a  cost  effective¬ 
ness  basis  it  was  an  Inspired  investment.  A  comparison  of  European  (ISR, 

SPS,  DORIS,  PETRA)  and  U.  S.  ( FNAL ,  SPEAR,  Cornell,  PEP)  accelerator  projects 
in  the  1970  -  1980  decade  seems  relevant.  We  have,  in  the  past,  retired 
CEA,  PPA,  Bevatron,  Cosmotron  and  ZGS  from  HEP. 
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3.  Traditionally  policy  was  formulated  by  the  science  community  and 
based  upon  scientific  opportunities.  Objectives  were  established  in  close 
communication  with  the  agencies  and  formulators  of  national  science  policy. 
Community  pressure, resisted  by  the  watchers  of  the  purse  strings/set  the 
pace.  Today  we  have  foreign  yardsticks  by  which  we  can  gauge  our  efforts. 
However,  many  of  our  Congressional  statesmen  (witness  the  Joint  Committee 
on  Atomic  Energy)  gave  enthusiastic  support  to  HEP  before  there  was  any 
European  or  Soviet  activity.  Competitiveness  as  a  criteria  for  level  of 
effort  would  benefit  U.  S.  HEP  today  when  European  spending  is  twice  as  high. 
However,  the  GAO  emphasis  on  this  obscured  the  fundamental  issues  i.e.  the 
validity  of  the  assertion  that  HEP,  funded  at  a  level  of  about  $400M  (1980) 
will  provide  a  return  to  society  which  justifies  the  effort.  To  compound 
the  problem,  the  GAO,  by  summing  the  responses  of  all  laboratories,  arrived 
at  a  cost  of  "world  domination"  which  is  unreasonable. 

4.  Accountability.  The  track  record  is  extraordinarily  good  here. 

The  report  just  doesn't  make  a  case  for  increasing  the  accountability. 

The  only  anecdote  cited  in  the  GAO  report  is  the  case  of  the  Nevis  Cyclotron  - 
a  medium  energy  facility  which  in  fact  did  run  into  long  delays  due  to 
technical  problems  but  which  was  continuously  monitored  by  NSF  technical 
review  panels.  Contrary  to  the  impression  given  in  the  GAO  report,  it 
was  terminated  after  completion  because  of  the  existence  of  more  powerful 
facilities  at  Los  Alamos  and  Zurich.  We  also  plead  with  you  to  delete  the 
recommendation  on  placing  accelerator  R&D  in  a  line  item  category. 

5.  The  GAO  misunderstood  the  data  of  its  Table  on  page  81.  The 
budget  allocations  for  physics  research  listed  are  for  in-house  physicists. 

The  remainder  of  the  lab  budgets  are  for  the  facility  operation  and  outside 
user  support.  Thus  Fermilab  on  the  basis  of  its  small  in-house  efforts 
does  most  for  the  University  users.  The  decisions  as  to  theallocation  of 
Laboratory  resources  to  users  and  the  imposition  of  utilization  levels 

by  an  outside  Panel  would  limit  Laboratory  flexibility  and  most  surely 
result  in  less  good  science. 

In  summary  U.  S.  HEP  has,  in  the  years  1950  -  1970,  by  any  measure  of 
scientific  productivity,  achieved  a  great  success.  Using  the  European 
yardstick  it  is  economical.  There  are  problems  but  they  are  not  addressed 
by  the  GAO  study.  Its  major  recommendations  threaten  the  success  of  the 
discipline  by  increasing  the  already  impressive  problems  of  getting  maximum 
science  for  the  dollar. 

There  was  an  opportunity  for  the  GAO  to  provide  data  upon  which  to  base 
judgements  as  to  the  health  of  the  field:  I  regret  that  the  study  did  not 
address  the  following  questions: 

1. )  Given  the  inventory  of  accelerators  in  the  U.  S.,  using  various 
indicators  of  effort  e.g.  European  levels,  historical  records,  economic 
utility  of  past  discoveries  and  technological  spin-off,  population  of 
practitioners,  etc.,  what  is  the  pay-off  versus  cost  of  increasing  utiliza¬ 
tion  from,  say  50%  to  80%?  How  does  this  compare  to  capital  Investment? 

2. )  What  is  the  validity  of  the  claim  that  HEP,  in  addition  to  its 
thrust  to  account  for  the  basic  structure  of  matter  and  energy,  is  an 
economic  benefit  to  the  U.  S.  due  to  Its  technological  spin-offs  alone? 

What  is  the  ratio  of  technological  breakthroughs  originating  in  unmotivated 
research  versus  programnatic  R&D?  If  it  could  be  demonstrated  (and  who 
could  do  it  better  than  the  GAO  staff?)  that  HEP  contributes  to  the  economy 
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more  than  it  absorbs,  the  entire  thrust  of  the  GAO  report  would  be  changed. 

Yet  this  was  ignored. 

3. )  What  are  the  other  benefits  to  the  U.  S.  of  a  strong  HEP  program: 
i)  In  strengthening  the  scientific  potential  for  solving  shorter  range 
problems  ii)  In  prestige  relative  to  other  developed  and  developing  countries 
iii)  In  influencing  high  technology  industry  with  implications  for  balance 

of  payments,  better  life  for  our  citizens,  etc.? 

4. )  What  are  the  bureaucratic  obstacles  to  efficient  management  of 
the  HEP  program?  What  would  be  the  cost  effectiveness  of  a  large  reduction 
in  numbers  of  reports  required  by  DOE,  in  restrictions  on  operating  versus 

R&D  versus  construction  fund  types?  How  can  one  reduce  the  time  lag  of  the  system 
to  respond  to  new  ideas?  In  short,  how  can  one  better  carry  out  the  basic 
will  of  Congress  to  do  excellent  science  for  minimal  cost  by  simplifying 
the  procedures? 

Sincerely, 

UXftvM.  I (uL&mC* _ 

Leon  M.  Lederman 

LML: jw 


GAO  note:  The  table  which  appeared  on  page  81  of  the 
draft  report  has  been  deleted  from  this 
final  report.  (See  p.  108.) 
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Lawrence  Berkeley  Laboratory 

University  of  California 
Berkeley,  California  94720 
Telephone  415/486-4000 
FTS:  451-4000 

March  19,  1980 


Mr.  J.  Dexter  Peach,  Director 
Energy  and  Minerals  Division 
U.S.  General  Accounting  Office 
Washington,  D.C.  20 548 

Dear  Mr.  Peach: 

Your  letter  of  February  13th  to  Dr.  Sessler  was  referred  to  us  for  cornnent. 

We  have  been  privileged  to  review  the  letter  sent  to  you  by  W.K.H.  Panofsky 
dated  February  27th  and  agree  with  the  sentiments  expressed  therein.  Further 
supporting  comments  fall  into  the  following  categories: 

1)  Accelerator  Development 

It  is  strongly  suggested  in  the  report  that  such  work 
should  be  a  line  item  if  the  estimate  for  the  project 
is  $5M  or  more. 

This  procedure  would  make  it  difficult  to  impossible  to  do 
Accelerator  R§D.  A  good  deal  of  this  work  is  ongoing  funda¬ 
mental  research  and  development  and  only  becomes  directed 
when  a  major  project  is  in  the  offing.  Progress  reports 
and  reviews  of  such  activities  are  necessary  and  useful. 

2)  Regarding  the  funding  priorities  for  H.E.P.  the  report 
recommends  that  the  0STP  review  the  program  and  make 
recommendations .  But  this  is  exactly  what  HEPAP  has  been 
doing  well.  Many  other  panels  have  made  many  reports. 

Such  studies  which  might  set  objectives  for  the  program 
and  allow  for  accountability  over  the  program  can  never 
be  more  than  educated  guesses  as  to  the  future  unknown 
discoveries,  yet  to  be  made,  which  can  radically  change 
the  direction  of  the  work. 

3)  Research  Support  for  University  User  Groups 

The  implication  in  the  report  is  that  University  Users 
get  their  support  from  Accelerator  Lab  Research  budgets. 

This  is  not  only  wrong  but  very  misleading.  Those  research 
funds  are  for  inhouse  groups  and  depending  on  whether  they 
are  strong  groups  or  not  they  get  more  or  less  money.  The 
percent  of  the  laboratory  operating  budget  is  irrelevant  and 
it  is  unrelated  to  the  number  of  experiments  being  done  at 
that  laboratory. 
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4)  Lastly  there  seems  to  be  little  note  taken  of  the  fantastic 
results  obtained  in  HEP  the  past  few  years  and  how  those 
results  have  validated  the  decisions  taken  earlier  to  proceed 
with  the  projects  that  were  built.  Critical  comments  were 
made  about  those  decisions  in  the  report  without  regard  for 
the  physics  output.  The  auditors  notions  about  accountability 
would  insure  that  the  money  would  be  spent  unwisely. 


Sincerely, 


Robert  W.  Birge 
Associate  Director 
Physics,  Computer  Science  5  Mathematics 


Division  Head 

Accelerator  §  Fusion  Research  Division 


RWB:HG: jad 
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STANFORD  UNIVERSITY 


Stanford  Linear  Accelerator  Center 


Mail  Address 

SLA C,  P  O.  Box  4349 
Stanford,  California  94303 

February  27,  1980 


Mr.  J.  Dexter  Peach,  Director 
Energy  and  Minerals  Division 
U.  S.  General  Accounting  Office 
Washington,  D.  C.  20548 

Dear  Mr.  Peach: 

Thank  you  very  much  for  your  letter  of  February  13,  1980,  which  I 
received  on  February  19.  In  that  letter  you  transmitted  the  draft  of 
a  GAO  report  entitled  "U.S.  Efforts  to  Lead  the  World  in  High  Energy 
Physics  -  Status  and  Problems,"  and  requested  that  I  transmit  comments 
within  30  days  after  receipt.  I  am  giving  here  some  comments  on  the 
general  methodology  and  conclusions  of  the  report;  if  requested  1 
would  be  pleased  to  furnish  more  detailed,  page-by-page  comments . 

A.  General  Remarks  [See  GAO  note  1,  p.  222.] 

The  report  aims  to  examine  the  factors  which  appear  to  threaten  the 
world  leadership  in  high  energy  physics  which  the  support  and  creati¬ 
vity  of  the  field  has  yielded  until  quite  recently.  The  first  part  of 
the  Draft  Report  is  descriptive  and  historical  in  nature  and  also  very 
informative;  X  have  no  overall  comments  until  page  48.  However  I  have 
problems  with  the  material  starting  at  that  point. (See  GAO  note  2,  p.  222.) 

The  Draft  Report  (p.  48)  refers  to  the  funding  level  of  $300  million 
(in  FY'79  dollars)  negotiated  between  DOE  and  0MB.  The  Report  refers  to 
that  level  with  the  comment  that  "DOE  concluded  that  a  $300  million  funding 
level  would  provide  continued  leadership  (sic)  in  the  field.",  and  "This 
level  .  .  .  was  negotiated  between  DOE  and  0MB;  endorsed  by  HEPAP  and 
concurred  by  OSTP."  I  do  not  see  how  DOE  could  have  certified  this  level 
as  assuring  leadership  since  HEPAP  in  its  preceding  study  at  Woods  Hole 
had  referred  to  that  level  as  the  minimum  viable  program.  It  is  therefore 
also  misleading  to  state  that  HEPAP  had  "endorsed"  that  level;  "acquiesced 
to"  would  be  a  better  term. 

B.  Innovation  vs.  Exploitation 


The  root  of  most  of  my  problems  with  the  Draft  Report  is  that  It  does 
not  in  any  way  consider  how  the  output  of  the  U.S.  program,  as  measured  in 
terms  of  the  Science  produced,  should  be  gauged,  let  alone  optimized.  This 
lack  of  output  measurement  notwithstanding,  the  Draft  Report  repeatedly 
criticizes  that  "Federal  agencies  and  laboratories  have  been  emphasizing  the 
development  and  construction  of  accelerators  believed  to  be  needed  to  provide 
the  capability  for  further  research.  Such  emphasis  appears  to  have  resulted 
in  overemphasis  on  developing  and  constructing  accelerators."  Although  this 
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criticism  is  repeated  in  numerous  sections  of  the  Report  (ii  ff,  50, 

62,  75,  76,  77,  84,  110),  I  find  no  substantiation  in  support  of  this 
finding.  As  a  practical  matter,  if  total  funding  is  limited  (as  it 
necessarily  is),  those  responsible  for  the  management  of  the  nation's 
high  energy  physics  program  must  seek  a  proper  balance  between  innova¬ 
ting  the  basic  facilities  required  in  support  of  the  program  and  exploiting 
the  facilities  constructed.  It  would  be  destructive  to  give  absolute 
priority  to  exploitation  over  innovation,  that  is  to  insist  that  existing 
facilities  be  exploited  to  their  fullest  possible  extent  while  ignoring 
the  obsolescence  of  such  facilities.  Yet  this  appears  to  be  the  value 
scale  which  the  GAO  report  implies.  [See  GA0  note  3/  p>  222.] 

The  Draft  Report  correctly  identifies  numerous  Institutions  where 
development  and  construction  of  new  facilities  has  been  carried  out  to  the 
detriment  of  the  ongoing  operations  of  the  research  program  using  existing 
facilities.  Yet  had  such  new  construction  not  been  initiated,  the  program 
would  have  faced  certain  obsolescence  and  consequent  loss  of  leadership  and 
productivity.  It  can  easily  be  shown,  based  on  the  analysis  of  the  time 
cycles  involved,  that  a  long  range  viable  program  which  is  a  precondition  to 
world  leadership  demands  that  about  25%  of  total  funds  be  allocated  to  new 
construction.  The  failure  of  the  program  to  Initiate  any  new  construction 
for  nine  years  after  authorization  of  Fermilab  is  partially  responsible  for 
the  current  world  leadership  crisis  to  which  the  Draft  Report  is  addressed. 

C.  The  SLAC  Construction  Projects 

I  am  restricting  my  conments  on  the  reviews  in  the  Draft  Report  of 
specific  construction  projects  to  those  pertaining  to  SLAC.  Nevertheless, 
similar  comments  could  be  made  on  the  analyses  in  the  Draft  Report  of  projects 
at  other  laboratories  as  well. 

Let  me  specifically  illustrate  my  earlier  observations  by  reference  to 
Stanford's  construction  of  the  Stanford  Positron-Electron  Asymsetrlc  Ring 
(SPEAR)  which  is  referenced  in  the  Draft  Report  on  page  68.  The  paragraph 
on  that  page  points  out  that  "In  an  effort  to  improve  the  frontier  physics 
capabilities  of  these  less  productive  facilities  DOE  Laboratory  Directors 
have  been  emphasizing  development  and  construction  of  accelerators."  And 
later  on,  "Stanford  completed  the  Stanford  Positron-Electron  Asymmetric  Ring 
without  making  it  a  line  item  construction  project  ...”  The  story  is  con¬ 
tinued  on  page  73  giving  the  history  and  fiscal  details  in  constructing  SPEAR 
largely  from  Equipment  funds.  The  Draft  Report  correctly  quotes  "Laboratory 
Officials"  that  SPEAR  "was  built  at  the  expense  of  continued  deterioration 
of  general  equipment,  tools,  and  electronics  and  the  further  reduction  of  sup¬ 
port  for  the  construction  of  secondary  beam  lines  and  new  particle  detectors." 

[See  GAO  note  4,  p.  222.] 

This  recital  is  used  as  one  of  several  examples  supporting  the  Draft 
Report's  criticism  that  Laboratory  Directors  using  their  discretion  have  given 
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undue  emphasis  to  new  construction.  Yet  the  events  described  in  the 
Draft  Report  through  which  SPEAR  was  added  to  the  arsenal  of  the  nation's 
accelerating  and  beam  storage  devices  is  by  any  judgment  a  major  success 
story.  Construction  was  spectacularly  inexpensive  and  initiated  what  can 
only  be  described  as  a  revolution  in  physics  Insight  through  the  discoveries 
of  new  phenomena  beginning  in  November  1974.  A  whole  new  set  of  particle 
states  unfolded  whose  understanding  has  been  the  underpinning  of  our  current 
concept  of  the  existence  of  quarks  as  a  fundamental  building  block  of  matter. 
Moreover,  the  success  of  SPEAR  has  given  the  principal  Impetus  to  the  con¬ 
struction  of  follow-on  devices,  in  particular  in  Western  Europe  (PETRA,  now 
followed  by  plans  for  the  Electron-Positron  Ring  HERA  at  DESY  and  LEP  at 
CERN)  and  in  the  United  States  (PEP) .  It  is  no  exaggeration  to  state  that 
the  success  of  SPEAR,  the  lack  of  authorization  as  a  construction  line  item 
notwithstanding,  has  initiated  at  low  cost  both  great  new  insights  into  high 
energy  physics  and  also  a  new,  and  more  efficient  technology  for  obtaining 
such  insights.  Then  what  is  the  basis  of  the  criticism?  Why  is  this  undue 
emphasis  on  construction? 

The  Draft  Report  continues  (page  63)  commenting  on  the  cost  of  Stanford's 
Positron-Electron  Project  (PEP).  The  report  Itemizes  the  construction  cost, 
the  associated  cost  for  experimental  equipment  being  built  to  exploit  the  new 
devices,  and  projected  operating  costs.  The  implication  of  this  listing 
appears  critical,  yet  the  report  falls  to  state  that  PEP,  similar  to  its 
predecessor  2-mile  accelerator  at  SLAC,  is  one  of  the  rare  construction  line 
items  in  these  inflationary  times  which  is  being  built  within  estimated  cost 
and  within  the  schedule  originally  projected.  The  Report  also  falls  to  state 
that  very  substantial  operating  costs  and  associated  equipment  costs  were 
originally  projected  at  the  time  of  authorization. 

The  Draft  Report  mentions  (page  63)  that  $5.3  million  of  AIP  funds  will 
be  used  to  increase  the  energy  of  SLAC's  linear  accelerator,  which  will  be 
used  as  an  injector  for  PEP.  The  Draft  Report  then  continues  in  a  critical 
vein,  "Although  this  improvement  was  needed  for  the  Positron-Electron  Project 
to  attain  its  design  energy,  the  costs  were  not  reported  as  being  related  to 
the  project."  This  criticism  is  unwarranted.  The  energy  upgrade  referred  to 
was  initiated  and  fully  Justified  without  reference  to  PEP.  It  yields  an 
energy  upgrade  of  the  original  Stanford  linear  Accelerator  by  50* ,  from  20 
to  30  GeV,  at  less  than  52  of  the  original  cost  of  the  project.  The  increased 
energy  is  being  exploited  in  elementary  particle  research  on  its  own  right. 

It  is  Indeed  fortunate,  but  fortuitous,  that  this  Increased  energy  also  im¬ 
proves  the  injection  efficiency  into  PEP,  but  this  increased  energy  is  in  no 
way  required  for  PEP,  as  the  Draft  Report  states. 


The  Record  of  High  Energy  Physics  Construction 


In  view  of  the  foregoing  the  criticism  on  accelerator  development  and  con¬ 
struction  in  the  Draft  Report  is  not  well  founded.  On  the  contrary,  it  would 
be  helpful  to  emphasize  that  the  record  of  construction  performance  within  the 
high  energy  physics  program,  both  within  DOE  (and  formerly  ERDA  and  ABC)  and 
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NSF  has  been  outstanding  when  compared  to  the  record  of  construction 
projects  in  the  Defense,  Space,  and  Nuclear  Power  programs.  Specifically, 
the  High  Energy  Physics  Program  has  had  a  superb  record  in  terms  of  com¬ 
pletion  of  projects  within  budget,  on  schedule,  and  within  specifications. 

It  would  be  good  for  a  GAO  report  to  take  note  of  this  fact  when  examining 
control  practices.  It  appears  that  the  Draft  Report  might  lead  to  the 
imposition  on  the  High  Energy  Physics  Program  (highly  successful  in  terms 
of  construction  accomplishments)  of  practices  which  have  been  used  in 
Defense  and  Space  projects  where  performance  has  been  poorer! 

As  applied  to  DOE  construction  projects  the  Draft  Report  (page  57)  is 
incomplete  in  describing  the  control  practices  of  the  agency.  There  are 
elaborate  controls  requiring  submittals  of  management  plans  and  identifica¬ 
tion  of  milestones.  A  large  number  of  construction  directives  and  sub- 
directives  are  issued  by  DOE  to  the  laboratories  at  many  stages  of  work.  In 
fact  a  merited  criticism  is  that  such  controls  are  over-elaborate,  in  parti¬ 
cular  as  they  apply  to  "conventional"  construction.  Generally  one-third  or 
less  of  the  cost  of  a  high  energy  physics  construction  project  is  "conventional," 
that  is  site  development,  construction  of  buildings,  housings,  utilities, 
etc.,  while  the  balance  accomplishes  high  technology  undertakings.  Yet  a 
large  preponderance  of  DOE  controls  devolve  on  the  former  rather  than  the 
latter.  It  is  indeed  true  that  NSF  construction  controls  are  fewer,  but  it  is 
not  at  all  established,  and  in  fact  I  seriously  doubt,  that  the  more  exten¬ 
sive  DOE  controls  lead  to  better  performance,  although  I  reiterate  that  con¬ 
struction  performance,  both  within  the  DOE  and  NSF  programs  in  High  Energy  Physics, 
have  been  good.  I  would,  however,  like  to  emphasize  that  DOE  construction 
controls  have  led  to  extensive  delays  in  accomplishment  of  the  U.S.  High 
Energy  Physics  Program,  and  it  is  these  delays  which  are  one  of  the  factors 
which  endanger  the  competitiveness  on  an  international  scale  of  the  U.S.  program. 

I  am  attaching  a  chart  showing  the  construction  schedule  of  the  two  parallel 
storage  ring  Installations  PETRA  in  Germany  and  PEP  in  the  United  States.  It 
will  be  noted  from  this  chart  that  the  conventional  construction  of  the  American 
project  suffered  both  from  the  Initial  delay  caused  by  excessive  controls 
during  the  Architect-Engineer  selection  process,  and  that  the  actual  accomplish¬ 
ment  of  conventional  construction  was  also  slower.  I  would  therefore  urge 
that  in  a  report  dedicated  to  examining  U.S.  effortB  to  lead  the  world  in  high 
energy  physics,  considerable  caution  should  be  used  in  recommending  Increased 
controls  on  construction  when  it  has  been  demonstrated  that  such  controls  are 
already  more  onerous  in  the  United  States  than  abroad,  and  where  such  controls 
have  contributed  to  the  loss  of  leadership. 

E.  Policy  vs.  Funding  (See  GAO  note  5,  p.  222.) 

The  above  discussions  illustrate  that  in  my  view  the  emphasis  on  excessive 
construction  and  deficient  construction  controls  is  misplaced.  Rather,  the 
principal  problem  affecting  the  U.S.  High  Energy  Physics  program  derives  from 
the  mismatch  between  policy  assumptions  and  funding.  The  current  program  aims 
to  balance  exploitation  and  innovation,  and  as  I  mentioned  above,  such  balance 
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requires  that  about  25%  of  funds  be  dedicated  to  construction.  The 
current  program  is  based  on  the  continuing  viability  of  three  national 
centers  supported  by  DOE  and  a  fourth  center  sponsored  by  NSF,  More¬ 
over,  these  four  centers  are  to  serve  a  National  community  of  approxi¬ 
mately  80  academic  institutions.  It  is  current  policy  that  this  number 
of  centers  and  institutions  is  to  be  adequately  supported,  while  at  the 
same  time  the  longevity  and  competitiveness  of  the  program  are  to  be 
maintained  by  the  appropriate  balance  between  new  construction  and  exploi¬ 
tation  of  existing  facilities.  These  policy  assumptions  imply  a  certain 
level  of  funding.  The  minimum  level  of  funding  conforming  to  this  policy 
underlies  the  negotiated  level  between  DOE  and  0MB  which  the  Draft  Report 
refers  to  on  page  48.  Yet  due  to  the  ravages  of  inflation  actual  funding 
has  fallen  behind  the  amount  negotiated  by,  perhaps,  $20-25  million  total 
for  FY'80  and  '81;  it  has  been  recognized  that  the  negotiated  level  con¬ 
stituted  a  floor  compatible  with  the  policy  assumptions.  Similarly,  for 
the  NSF  program,  which  is  heavily  criticized  in  the  Draft  Report,  the 
base  funding  level  for  high  energy  physics  was  to  be  restored  after  con¬ 
struction  of  the  Cornell  Storage  Ring;  yet  actual  NSF  funding  has  fallen 
below  that  assumption. 

In  other  words,  to  put  it  bluntly,  almost  all  the  problems  identified 
in  the  Draft  Report  are  caused  by  a  shortfall  of  funding  levels  below 
those  consistent  with  long-range  policy  assumptions.  I  strongly  believe 
this  matter  should  be  corrected.  On  the  other  hand,  the  Draft  Report  is 
incorrect  in  faulting  the  subsequent  actions  in  response  to  these  funding 
shortfalls;  these  have  indeed  resulted  in  stretch-out  of  experimental 
schedules  (page  70),  insufficient  maintenance,  underutilization  of  existing 
facilities  (page  68) ,  and  many  of  the  other  problems  which  have  endangered 
the  competitiveness  of  the  program.  Those  unavoidable  responses  by  and 
large  represent  the  best  balance  among  the  various  requirements  which  could 
have  been  made  under  the  circumstances. 

F.  Comments  on  Some  Specific  Recommendations  in  the  Draft  Report 

I  am  not  In  agreement  with  the  recommendation  of  the  Draft  Report  that 
accelerator  development  activities  which  might  lead  or  are  expected  to  lead 
to  construction  projects  costing  $5  million  or  more  be  authorized  on  a  line 
item  basis.  There  is  a  continuum  of  activities  ranging  from  fundamental 
research  and  development  in  the  evolving  accelerator  arts  to  more  specific 
conceptual  study  and  development  which  might  lead  to  a  construction  proposal. 
Part  of  the  purpose  of  such  study  and  development  is  to  firm  up  the  estimated 
cost  of  the  construction  project.  If  special  line  item  authorization  were 
required  for  such  a  development  effort  several  difficulties  would  arise.  One 
is  that  the  boundary  line  between  general  research  and  development  leading  to 
advanced,  and  generally  more  economical  accelerators  and  the  R&D  supporting 
specific  future  construction  projects  would  be  difficult  to  define.  In 
essence  a  new  accelerator  construction  project  would  have  to  be  authorized 
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by  the  Congress  on  a  line  item  basis  twice  -  once  for  its  development 
and  once  for  its  construction  phase.  This  would  increase  the  lead 
time  for  construction  activities  even  further  and  thereby  disadvantage 
the  U.S.  program  relative  to  European  undertakings  even  more;  I  have 
noted  above  that  Western  European  administrative  procedures  related  to 
construction  tends  to  be  substantially  more  expeditious  than  U.S. 
procedures  under  DOE.  Finally,  the  requirement  for  line  item  authoriza¬ 
tion  of  development  and  construction  separately  would  generate  pressures 
for  seeking  such  authorization  before  estimated  construction  costs  are 
reliably  determined.  Thus  the  risk  for  cost  overruns  would  be  enhanced 
rather  than  reduced. 

1  am  also  not  in  concurrence  with  the  recommendation  in  the  Draft 
Report  that  OSTP  should  convene  a  working  group  to  conduct  a  study  and  to 
determine  the  appropriate  level  of  funding  for  the  U.S.  High  Energy  Physics 
Program.  High  energy  physics  as  a  discipline  has  probably  undergone  more 
reviews  by  panels  and  committees  than  any  other  discipline  in  basic  science 
and  adding  one  more  study  would  accomplish  little.  Moreover  the  Department 
of  Energy,  following  the  mandate  given  to  its  predecessor  agencies  ERDA 
and  AEC,  has  been  officially  designated  the  executive  agent  of  the  National 
program  in  high  energy  physics  and  is  as  such  explicitly  charged  with  formu¬ 
lation  of  overall  policy.  I  note  that  the  High  Energy  Physics  Advisory 
Panel  (HEPAP)  which  is  charged  to  advise  the  Director  of  Research  of  DOE, 
has  been  a  very  effective  study  and  coordinating  mechanism,  and  that  its 
meetings  are  regularly  attended  by  representatives  of  the  NSF  program  office 
also.  Therefore,  requesting  OSTP  to  carry  out  the  proposed  study  would  lead 
to  justified  requests  that  other  fields  of  basic  science  competing  for 
federal  funds  should  be  similarly  examined.  This,  in  turn,  would  generate  an 
additional  level  of  study  and  management  on  the  OSTP  level,  which  that  office 
is  not  charged  with  undertaking  and  is  probably  Inadequately  staffed  to  carry 
out. 
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I  recognize  that  the  GAO  staff  has  undertaken  a  very  difficult  task  in 
trying  to  appraise  U.S.  efforts  in  high  energy  physics  which  is  probably 
the  most  fundamental  major  scientific  undertaking  sponsored  by  the  U.S. 
Government.  I  caution  that  in  its  concern  with  accountability  the  GAO  not 
stifle  the  program  flexibility  on  which  the  past  successes  and  continued 
competitiveness  of  the  U.S.  program  in  this  rapidly  moving  field  so  criti¬ 
cally  depends. 

I  hope  you  will  find  these  comments  on  this  study  constructive.  I  will 
be  happy  to  furnish  any  additional  material  should  you  find  it  useful. 

Sincerely  yours,  .. 

i;nj'  •' 

K.  H.  Panof sky 


-V/- 

Wolfgang 

Director 
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GAO  note  1 


GAO  note  2 


GAO  note  3 


GAO  note  4 


GAO  note  5 


(300470) 


The  report's  title  has  been  changed  to  "Increasing  Costs, 
Competition  May  Hinder  U.S.  Position  of  Leadership  in 
High  Energy  Physics." 

Page  references  have  been  changed  to  reflect  location  in 
the  final  report. 

Our  conclusion  of  overemphasis  which  appeared  in  the  draft 
report  on  the  pages  cited  has  been  deleted  from  the  final 
report.  (See  pp.  100-102.) 

The  discussion  of  the  construction  of  the  Stanford  Positron 
Asymmetric  Ring  primarily  with  equipment  funds  which 
appeared  on  pages  68  and  73  of  the  draft  report  has  been 
deleted  from  the  final  report.  (See  pp.  102-104.) 

The  discussion  of  DOE  control  practices,  which  appeared  on 
pages  57  to  62  of  the  draft  report  has  been  deleted  from 
the  final  report.  (See  pp.  102-104.) 
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